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I. INTRODUCTION 
A. The U.S. Farm Problem 
That there is a "farm problem" in the U.S. has been well documented 
— in professional journals, the popular press and elsewhere. The problem 
is not a new one, of course; it has been with us for much of the past 35 to 
40 years. Until recently, however, symptoms of the problem — surpluses, 
low farm incomes and large public expenditures, for example — have had 
more attention than its causes. Such distorted emphasis is not surprising, 
given the disagreement among economists, politicians, and the general 
public about the causes. Agreement on the causes of the problem is 
increasing; but there is still not unanimous agreement on remedies, even 
among those who agree on causes. 
Recently, the National Advisory Commission on Food and Fiber (here­
after called "the Commission") published an evaluation of the farm problem 
and recommendations for dealing with it. The Commission says, in part: 
"The overall goal of agricultural policy, as of all national 
policy, is to make the greatest possible contribution to national 
welfare. We seek a long-range policy for agriculture which will 
assure the Nation an abundant supply of food and fiber to meet 
domestic and foreign demand. We seek to achieve this production 
with the most efficient use of resources -- in the belief that 
this is the best way to provide the highest standard of living 
for all of our citizens. We believe departures from most 
efficient use must be evaluated in terms of their probable cost 
and social benefits" (39, p. 7). 
The Commission also states that, for several years, the productive capacity 
of U.S. agriculture has expanded faster than the demand for agricultural 
products (39, p. 11). It argues that some of the increased capacity is the 
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result of national policies to improve efficiency in agriculture and that, 
contrary to stated purpose, these policies have benefitted society as a 
whole far more than farmers themselves (39, p. 3). The Commission says 
further: 
"the U.S. has more cropland than it needs, and more workers on 
farms than can earn incomes comparable to those of nonfarm workers. 
This excess manpower and the excess crop acres are the heart 
of the U.S. agricultural adjustment problem" (39, p. 11). 
Work by Heady supports the Commission's conclusion that agricultural 
capacity has expanded faster than demand and that farmers have received 
relatively little benefit from technical advances: 
"Relative to its productivity and to domestic food demand, the 
supply of land is now effectively greater than at any time in the 
past century" (26, p. 7). 
"For aggregate food in physical form..., the income elasticity 
is effectively zero;.... Even the elasticity of aggregate food 
expenditures in respect to income is low — around .15" 
(26, p. 8). 
"As a competitive industry, the farm sector does not have 
effective means for retaining any large portion of the rewards 
from the technical advance which it initiates" (26, p. 10). 
Cochrane also thinks there is excess capacity in agriculture: "excess 
productive capacity — ... ; this is the basic problem of the commercial 
farm sector" (6, p. 110). 
Helpful as they are, these evaluations of the U.S. farm problem leave 
a host of questions unanswered. For example, how many excess resources 
(labor and land) are there? Should all of them be transferred to other 
employment or should some, particularly land, be held in reserve against 
future needs? How can excess resources be induced to transfer? What, if 
any, problems will such a resource shift cause in other sectors of the 
economy and how will tliese problems be met? Is this a once-for-all 
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adjustment or, as new technology is adopted (as the Commission recommends), 
is adjustment a continuing process? Finally, is there an optimum farm size 
toward which adjustment should be tending; if so, how many such farms should 
there be and where should they be located? 
It is impossible, of course, to deal with all of these questions in 
a single study. And, given the state of knowledge in economics and 
statistics, only rough answers may be possible for some of them. Some, 
for example, involve dynamic considerations that can be especially evasive 
and troublesome. 
Several studies provide partial answers for some of the questions. 
Daly (32, Chap. 2) argues that excess capacity will be a problem in agri­
culture for several years to come and that the trend to fewer but larger 
farms will continue. Heady and Mayer (28) also conclude that excess agri­
cultural capacity will not be eliminated soon. Hathaway (32, Chap. 5) 
argues that farm programs have benefitted landowners most and that this 
situation will continue if present programs are retained. 
In another study, Tyner and Tweeten emphasize the need for a precise 
definition of "excess capacity." They say: 
"Excess capacity can only be defined relative to some price level. 
Presumably, at some set of commodity prices all farm production 
would be utilized in normal market channels" (55, p. 23). 
Cochrane agréés (6, p. 112). But if commodity demand functions are single-
valued, a unique set of quantities is associated with each set of prices 
(see 43, p. 111). Thus, if demand functions are available, excess cs^ acity 
can be defined in terms of either quantities or prices. The concept must 
be clearly defined, however, before it can be measured. 
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There is increasing evidence that the shift of resources, especially 
labor, from the farm sector to the nonfaim sector of the economy has, 
itself, been a source of problems. The Reports of both the National 
Advisory Conanission on Civil Disorders (38, Chap. 6) and the National 
Advisory Commission on Rural Poverty (40, p. ix) list the migration of 
rural people to the cities, especially the ghettos, as a cause of the riots 
in the summer of 1967. Has interaction between the farm and nonfarm sectors 
had too little attention? 
The rather pedestrian question can be raised: if there are excess 
agricultural resources, how would efficient use of them contribute to a 
high standard of living? Despite the relevance of this question, efficiency 
is the focus of this study. Two central questions will be examined: How 
many excess resources are there? Where are they located? The results may 
provide insight into other questions raised above but such insight will be 
only incidental. The purpose of the study will be examined in more detail 
in section D. 
B. Need for Spatial Formulation 
A study of the location of excess resources in any sector of the 
economy requires a spatial formulation and this seems especially true of 
agriculture. The following question illustrates the point: can a farm 
near a population center, despite lower yields and higher costs, compete 
successfully with one farther away? An affirmative answer is certainly 
i 
possible. We expect transportation costs to vary directly, though not 
necessarily proportionately, with farm-to-market distance. Lower transpor­
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tation costs for the nearer farm may offset higher production costs. 
Beckmann and Marschak (2) formulated, perhaps, the first spatial model 
that exploits linear programming. Their insights have been used in several 
studies of U.S. agriculture. Some of these studies incorporate transpor­
tation explicitly, others ignore it. All treat production in a spatial 
framework. In the following section, some of these studies are reviewed. 
Those from which this study evolved are emphasized. 
C. Previous Studies 
The principal studies of interest are those completed in cooperation 
with Heady by Egbert (20, 21), Skold (29), Whittlesey (30), Brokken (4, 5), 
and Hall and Plessner (25).^  These studies treat both demand and supply in 
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a spatial framework. The continental U.S. is partitioned into several 
'•consuming regions" (market areas), each of which is further partitioned 
into several "producing regions." Demand is represented by either pre­
determined quantities or linear demand equations; each consuming region 
represents a demand region. Production, which is represented by activities 
defined in the producing regions, contributes to central supplies in the 
respective consuming regions. Interregional transportation activities 
permit trading between regions with excess supply and those with excess 
I 
O^ther studies have used spatial formulations, of course. Leuthold 
and Bawden (37) give a useful summary of those made before 1965. 
2 The Egbert-Heady studies deal with only national demands. 
3 demand. Intraregional transportation costs are ignored. 
Some distinguishing features of these studies are summarized in Table 
1. The order of listing is the order of completion. But the progression, 
with some exceptions, is from less to more complex, from models with only a 
few commodities to those encompassing most of agriculture. Except for the 
Hall, Heady, and Plessner study, all use a linear programming model in which 
quantities demanded are assumed known. In the Hall et al. study, quantities 
demanded are determined endogenously by linear, price-dependent demand 
equations. 
The selection does not imply that studies that treat demand or supply 
separately are worthless. The U.S.D.A. national model (46), although it 
ignores demand completely, shows promise for predicting short-run supply-
response. Other studies (e.g., 1, 7, 47) treat only a single commodity. 
Despite their value for other purposes, however, such studies have little 
relevance here; an examination of excess resources must consider both 
demand and supply. 
1. Linear case 
If there are K consuming regions each with H producing regions, the 
basic model for those studies with demand assumed known minimizes 
f(x^ ,^ s^ k) = E Z c^ x^^  ^+ Z Z tikgik (1.1) 
k=l h=l jifk 
subject to 
«Z • 
The Egbert-Heady studies ignore transportation altogether. 
Eyvindson (22) treats both interregional and intraregional transportation. 
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Table 1. Features of selected U.S. agricultural models 
Model* Number of 
consuming 
regions 
Number of 
producing 
regions 
Commodity 
demands" 
Base 
year^  
Egbert and 
Heady (20) 0 104 
Food wheat 
Feed grains 1954 
Egbert and 
Heady (21) 0 122 
Food wheat 
Feed grain 
Soybean oilmeal 
Cotton lint 
1954 
and 
1965 
Heady and 
Whittlesey (30) 31 144 
Food wheat 
Feed grain 
Soybean oilmeal 
Cotton lint4 
1965 
Heady and 
Skold (29) 31 144 
Food wheat 
Feed grain 
Soybean oilmeal 
Cotton lint^  
1975 
Brokken and 
Heady (5) 20 157 
Beef, grain-fattened 
Beef, nongrain-fattened 
Pork 
Fluid milk 
Manufacturing milk 
Food wheat 
Feed grain, food use 
Cotton lint" 
1954 
and 
1965 
Hall, Heady 
and Plessner (25) 9 144 
Wheat, food use 
Com, food use 
Oats, food use 
Barley, food use 
Feed grain 
Soybean oilmeal 
1965 
lumbers in parenthesis refer to entries in the bibliography. 
F^eed grain is a composite of com, oats, barley, and grain sorghum. 
T^he year to which the results apply. 
National demand only. 
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h^k^ hk < ^ hk (1.2) 
2 + E (sik _ > d^  (1.3) 
h=l jjfk 
> 0 (1.4) 
where 
hk b is a vector of limited resources for producing region h in 
consuming region k, 
hk 
c is a vector of unit costs for purchased inputs, 
hk X is a vector of production activity levels. 
is a matrix of input-output coefficients relating to 
ik s-' is a vector of transportation activity levels, 
t^  ^is a vector of unit costs associated with 
d is a vector of commodity demands for consuming region k. 
For the Egbert-Heady studies, the model is somewhat simpler but it 
has the same basic character: minimize 
H 
f(x^ ) = 2 (1.1a) 
h=l 
subject to 
s (1.2a) 
H , 
% x*^  & d (1.3a) 
h=l 
x^  > 0 CI.4a) 
In this simplified version, symbols have interpretations analogous to those 
in the more complex version; d represents national demand, of course. The 
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essence of both versions is to minimize the aggregate cost (production 
costs plus transportation costs) of satisfying known demands. 
2. Nonlinear case 
Suppose the same spatial configuration as for the linear case — K 
consuming regions, each with H producing regions — and assume that demand 
in the kth consuming region is given by 
= d^  + dV, k = 1, K (1.5) 
k k 
where d is a vector of quantities demanded, d^  is a vector of constants, 
k k 
D is a negative semidefinite matrix of constants, and p is a vector of 
commodity prices. The model maximizes 
f(p\ x"'. sik) 
= Z [(d^  + - Z - Ï - Z Z (1.6) 
k=l ° h=l h=l jî«k 
subject to 
p^  - (A^ )^'u^  ^g c^  ^ (1.7) 
h^kxhk ^  yhk (1.8) 
k k - z (sik - s^ i) - 2 x^  ^< -d^  (1.9) 
" P jA h=l ° 
pi - pk <; t^ j (1.10) 
p^  - pi < t^  ^= t^ i (1.11) 
p ^ s O  (1 . 1 2 )  
u^  ^is a vector of imputed rents for the scarce resources b^ .^ The remaining 
symbols are defined exactly like those in the linear model. 
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This model maximizes aggregate profits to the agricultural 
sector, subject to the restrictions that land use cannot exceed the supply, 
(1.8), and that production must be no less than demand, (1.9). The 
remaining constraints ensure a competitive equilibrium solution: (1.7) 
requires that no producing activity be profitable, i.e., the value of 
production cannot exceed the cost; (1.10) and (1.11) put a similar require­
ment on transportation activities, i.e., the difference between the prices 
of any two regions cannot exceed the shipping cost. This model will be 
discussed in more detail in Chapter II. 
For "representative" solutions from the studies listed in Table 1, 
excess cropland estimates for the U.S. are given in Table 2. The total 
ranges from 13.61 to 73.98 million acres and there is wide variation in 
the distribution, even among studies with similar totals. 
For the studies that incorporate transportation (the last 4 in Table 
2), nearly 75 percent of the excess cropland is in four areas: Southeast, 
Delta, Com Belt and Northern Plains. For some of the studies, 10 percent 
or more of the excess cropland is in one of these other areas: Lake States 
(e.g., Brokken and Heady) and Mountain States (e.g.. Heady and Whittlesey). 
These comparisons should not be pressed too far. Assumptions and 
methods for deriving data vary markedly between the studies. The first 
Egbert-Heady study, for example, is based on 1954; the Heady-Skold study is 
based on 1975. the Brokken study incorporates livestock directly, the other 
studies only indirectly. Consequently, there is wide variation among the 
studies in quantities demanded, input-output coefficients, and even the 
amount of land. 
Table 2. Estimated excess cropland from "representative" solutions of selected U.S. agricultural 
models, millions of acres^  
Egbert 
and Heady 
Area Model A 
(20) 
Egbert 
and Heady 
Model B1 
(21) 
Heady and 
Whittlesey 
Solution 43 
(30) 
Heady and 
Skold 
Model I 
(29) 
Brokken 
and Heady 
Solution 1 
(5) 
Hall, 
Heady, and 
Plessner 
(25) 
Northeast 2.99 - 0.04 - 2.95 -
Appalachian 5.51 2.88 1.53 3.10 6.27 2.05 
Southeast 6.78 4.21 8.30 10.63 5.05 9.08 
Delta 1.23 2.40 5.55 7.09 - 5.98 
Com Belt 3.46 0.29 1.02 10.43 14.34 2.84 
Lake States 4.96 - 1.65 5.92 9.73 4.29 
N. Plains 1.55 - 14.50 26.44 25.55 20.97 
S. Plains 1.80 1.42 1.81 4.44 - 1.45 
Mountain 3.67 2.41 6.03 5.93 3.38 3.53 
Pacific - - 0.08 - - -
U.S. 31.95 13.61 40.51 73.98 67.27 50.19 
lumbers in parentheses refer to entries in the bibliography. 
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The principal value of Table 2 is to illustrate the kinds of results 
available from these studies; excess cropland estimates are only a small 
part of these results. Moreover, in many of the studies, several solutions 
were estimated. An exhaustive comparison of all the solutions could provide 
some very useful insight into U.S. agriculture. Such a comparison is beyond 
the scope of this study, however. 
D. This Study 
This study is an extension of those just described. It is most 
directly related to the Brokken and the Hall et al. studies. Like the 
Brokken study, this one incorporates both crops and livestock, and most of 
the data were borrowed from that study. Like the Hall et al. study, this 
one represents demand for desired commodities with linear demand equations. 
Livestock and crop products are classified into three, mutually-
exclusive categories: desired commodities, intermediate commodities, and 
primary commodities. Linear demand equations for desired commodities 
(e.g. beef or pork) have the form (1.5). Demand for intermediate 
commodities (e.g., feed grains and hay) is derived from the demand for 
desired commodities. Primary commodities are assumed available from nature 
in limited and known quantities. Production and transportation of both 
desired and intermediate commodities are represented by linear activities. 
The goal is to identiify a partial competitive equilibrium for U.S. 
agriculture. Since the resources (especially land) available to agriculture 
are not the result of a price-guided allocation, there may be excess 
resources even in equilibrium. If so, the quantity of excess resources is 
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one measure of excess capacity in agriculture. Since a spatial formulation 
is used, the location of excess resources will be a part of the solution 
also. 
We may conclude that competitive equilibrium in agriculture is not 
acceptable in our society. If it were, there would be no need for price-
subsidy and land-retirement programs. Consequently, it will ultimately be 
necessary to examine points other than market equilibrium. Plessner has 
shown how (41, pp. 88-96), beginning with a competitive equilibrium solu­
tion, to evaluate changes in farm incomes, product prices, and program 
costs for various nonequi 1 ibrium points. Such an evaluation will not be 
included here but the results could serve as tiie basis for one. 
Labor is not treated in this study and that may be one of the 
study's most serious shortcomings. Labor may have to be incorporated 
before satisfactory policy evaluations can be made. If so, the results 
from this study should provide a useful basis for a more extended model 
that includes labor. 
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II. EFFICIENCY, MARKET EQUILIBRIUM, AND PROGRAMMING MODELS 
To accomplish the objectives in Chapter I, a model whose solution 
represents a competitive equilibrium is needed. The nonlinear model de­
scribed in this chapter satisfies that requirement. The model, itself, was 
suggested by Plessner (41, Chap. 2). A review of Plessner's argument 
introduces the model. A review of the concepts of efficiency and competi­
tive equilibrium will also be useful. 
This chapter is organized as follows. Efficiency is reviewed in 
Section A. Linear programming models, particularly as they relate to 
equilibrium analysis, are the subject of Section B. The concept of competi­
tive equilibrium, especially the relationship between efficiency and 
equilibrium, will be examined in Section C. In Section D, a single 
quadratic programming model will be reviewed. Finally, in section E, the 
nonlinear spatial model used in this study will be described. 
A. Efficiency 
Koopmans defines efficiency as follows: 
Definition 1. "An attainable bundle of activities is called an 
efficient bundle if there exists no attainable bundle which 
produces more of some desired commodity and no less of any other 
desired commodity" (35, p. 84). 
An attainable bundle of activities is a feasible one, i.e., one for which 
resource use does not exceed the supply. Dorfman et al. give a similar 
definition of efficiency: 
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Definition 2. "We then describe an input-output pattern 
(x^ , x^ ; r^ , r^ ) as efficient if (1) it is a 
feasible pattern; and (2) if there is no other feasible 
pattern (y^ , y^ ; Sj^ , ..s^ ) which is such that y^  ^ à Xj^ , 
—, y^  > x^ , with at least one strict inequality, and 
Sj^  < rj^ , s^  i P' 392). 
Dorf man et al. add the observation, "efficiency is a purely technological 
concept having to do only with production." Neither definition mentions 
prices. 
For convenience let x = [x^ , ..., x^ ), y = (y^ , ..., y^ ), r = 
Czj, ..., r^ ) and s = (s^ , ..., s^ .^ x and y are vectors in the output 
space (the space of desired commodities in Koopmans' terminology); r and 
s are vectors in the input space (the space of primary commodities in 
Koopmans' terminology). Intermediate commodities are ignored for 
simplicity. 
It will be useful to distinguish between two aspects of efficienqr — 
"output-efficiency" and "input-efficiency". If r = r (i.e., the quantities 
of inputs are fixed), the vector x is output-efficient if there does not 
exist another vector y such that y^  2 j = 1, ..., n, with strict 
inequality holding at least once. Output is maximized in the sense that, 
if all outputs, except one, are fixed, production will be output-efficient 
if output of the remaining commodity is maximized. Fig. 1 illustrates 
output-efficiency for two outputs and three inputs when output is a linear 
function of inputs. ABCD is the "efficiency frontier"'for all vectors x 
such that Ax S r, where r is fixed. At B, for example, x^  can increase 
only if Xg decreases. Interior points, such as I, are inefficient because, 
for any northeastward movement, Xj^  and x^  increase simultaneously. 
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• I 
X 
Fig. 1. Efficiency frontier in the output space 
r. 
E 
• I 
n 
Fig. 2. Efficiency frontier in the input space 
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Clearly, the efficiency frontier may have many efficient points. 
If X = X (i.e., the quantities of outputs are fixed), the vector r 
is input-efficient if there does not exist another vector s such that 
®i ' ^i' i = 1' ..., m, with strict inequality holding at least once. 
Inputs are minimized in the sense that, if all inputs, except one, are 
fixed, production will be input-efficient if input of the remaining 
resource is minimized. Fig. 2 illustrates input-efficiency for two inputs 
and three outputs (cf. 8, p. 24), for the case of linear production again. 
EFGH is the efficiency frontier for a vector r such that Ax < r, where x 
is fixed. At F, r^  can decrease only if r^  increases. From I, however, 
and rg decrease simultaneously for any southwestward movement. 
Output-efficiency and input-efficiency can be regarded as two sides 
of the same coin — one is impossible without the other. Suppose not. 
Suppose that (x, r) is an input-output bundle for which x is efficient but 
r is not. Then there is another input-output bundle (y, s) such that y > x 
and s 3 r, s^  < r^  for at least one i. y need not be greater than x; 
y = X is sufficient. There is an acceptable s by assumption. By defini­
tion, X is not efficient and we have reached a contradiction. Thus, x is 
not efficient unless r is. The argument can be reversed to show that r is 
not efficient unless x is. 
Both Koopmanp and Dorfman et al. emphasize output-efficiency almost to 
the exclusion of input-efficiency. Both stress the efficiency frontier, as 
illustrated in Fig. 1. Koopmans, for exan^ le, elaborating on definition 1, 
says, "The definition expresses that within the liipitations of technology 
and resources no opportunity to increase the output of some desired 
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commodity while holding the line on others has been overlooked or passed 
up" (35, p. 84). It seems very clear from definition 2, however, that 
there is at least one efficient input combination for every output and at 
least one efficient output combination for every input. Siippose, in Fig. 
II I 1, that I = (x , r ) . If there does not exist an s such that s^  < i\, 
i = 1, ..., m, with strict inequality holding at least once, then by 
definition 2, x^  is efficient. A similar argument can be used to show 
that r^  can be efficient. 
If x^  is produced efficiently, not all available resources will be 
used, it is true. Specifically, r - r^  resources will be idle. This is 
not necessarily inconsistent with definition 2, however. 
Definitions 1 and 2 are couched in the language of activity analysis, 
but the concept of efficiency also applies in the case of classical 
production. The product transformation curve in Fig. 3 (cf. 31, p. 68) 
results from fixed inputs. It represents an efficiency frontier in the 
same manner as ABCD in Fig. 1; an interior point is inefficient in exactly 
the same sense. The isoquant in Fig. 4 (cf. 31, p. 47) is for fixed out­
puts. It represents an efficiency frontier in the same manner as EFGH of 
Fig. 2; an interior point is inefficient in exactly the same sense. 
Some authors (e.g., 27, p. 98; 45, Chap. 8) distinguish technological 
efficiency from economic efficiency. As we have seen, technological 
efficiency emphasizes only the technical relationships between inputs and 
outputs. Economic efficiency considers prices (implicitly consumer 
preferences and the motivations of resource holders) as well as the 
technological conditions of production. Given a set of prices, however. 
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Fig. 3. A product transformation curve 
• I 
Fig. 4. An isoquant 
20 
it is possible to specify which of many technologically efficient points 
is also economically efficient. In Fig. 5, for example, k is one of a 
family of parallel lines of the form p^ x^  + pgXg = k, k a constant. For 
the prices pj^  and p^ , B is the optimal efficient point. Koopmans (35, 
p. 88) and Dorfinan et al. (8, p. 395) show that, in the linear case, every 
efficient point is optimal for at least one set of prices. 
To summarize, efficiency is a phenomenon of production; it describes 
a particular relationship between inputs and outputs. Production of a 
given output is input-efficient if no input can be reduced without 
increasing some other input. Production from given inputs is output-
efficient if no output can be increased without decreasing some other 
output. Although this fact has been neglected, nothing in definition 2 
precludes efficient interior points. That is, points other than those on 
the efficiency frontier may be efficient. 
B. Linear Models 
Plessner set out to formulate a model that permits the computation 
of, "... efficient points in general, and that efficient point which is 
associated, with market equilibrium in particular" (41, p. 27). He argues 
that the solution to such a model must have the following characteristics 
(41, p. 28): 
B.l. Be efficient. 
B.2. Guarantees maximum gross and net profits for the sector and 
for each firm in the sector. 
B.3. Guarantees nonpositive net profits for any firm in any activity. 
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X 
A 
Fig. 5. Optimal efficient point for given prices 
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B.4. Would be brought about by a free market which generates prices 
so as to equate supply and demand. 
He first shows that linear models with these characteristics can be 
formulated, but he observes that they are impracticable for large problems 
because they require expensive iterative solution procedures. He then 
formulates a nonlinear (quadratic) model with these characteristics. 
In this and subsequent sections, lower case letters denote vectors, 
capital letters denote matrices, and prime (') denotes transposition. 
(The transposition symbol may be omitted if it is clear that an expression 
is the scalar product of two vectors.) These symbols are used: 
X is an n-vector of output levels, 
p is an n-vector of output prices, 
c is an n-vector of pecuniary costs for the purchased inputs 
associated with x, 
b is an m-vector of limited resources, 
A is an m X n technology matrix, and 
u is an m-vector of imputed prices for the limited resources. 
In addition, the postulates of linear activity analysis are assumed to hold 
(36, pp. 98-108). In particular, production is represented by a set of 
reproducible "basic activities" for which the additivity postulate holds. 
Supply functions for unrestricted inputs are assumed perfectly elastic so 
that their prices can be regarded as fixed (i.e., c is a vector of con­
stants) . Finally, consumer demand is represented by a set of linear demand 
functions 
d = d(p) (2.1) 
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These definitions and assumptions will be useful in the search for a model 
to satisfy B.l to B.4. The search begins with Problem I. 
1. Problem 
Suppose that p and c are given (i.e., they are vectors of constants) . 
Problem I maximizes 
f(x) = (p - c)x (2.2) 
subject to 
Ax 3 b (2.3) 
X i 0 (2.4) 
If (p - c) > 0, the optimal solution, x, is always efficient (cf. 8, 
pp. 394, 395). If for some i (p^  - c^ ) = 0 and if the constraint set has 
the form illustrated in Fig. 6, the solution may not be efficient. In 
Fig. 6, (pj - Cj) = 0 and any point on EF is a possible solution but only 
F is efficient. For any point between E and F, x^  can increase without 
affecting x^ . In this special case, the efficiency frontier consists of 
only the portion FG. Since this case presents a difficulty only if 
Pi - Ci = 0, let us ignore it and assume that the solution to Problem I 
is efficient.^  
Plessner argues (41, p. 31) that, if Problem I has the decentraliza­
tion property, it also satisfies B.2. He observes that it is difficult, 
because of aggregation bias, to ensure that practical problems have this 
property; but he ignores this difficulty. 
P^roblem I corresponds to Plessner*s Problem 1 (41, p. 28). 
2 Efficiency is used here in the sense of output-efficiency for all 
resources represented by EFG. 
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Fig. 6. Possibility of a nonefficient solution 
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The dual to Problem I minimizes 
g(u) = bi) C2.S) 
subject to 
A'u &p-c (2.6) 
u a 0 (2.7) 
By the duality theorem of linear programming (23, p. 84)^  g(^ u) > £(^ x) and 
g(u) = f(x), where û is the optimal dual solution and x is the optimal 
primal solution. 
Problem I and its dual can be treated as a primal-dual combination. 
Problem II. Maximize 
subject to (2.3), (2.4), (2.6), and (2.7). Dorfman et al. (8, p. 405) 
observe that (2.8) can be regarded as a net profit function. By the 
duality theorem, F(x, u) S 0 for all feasible (x, u) and F(x, û) = 0 
where (x, û) is the optimal solution. 
Since including the primal and dual in the same problem does not 
affect the optimal solution (x, û), Problem II satisfies B.l and B.2 if 
Problem I does. Constraint (2.6) assures that Problem II also satisfies 
B.3. B.4, however, requires that siçply equal demand, i.e., x = d(p) 
where p is the equilibrium price vector. If it were possible to always 
choose the correct prices, p. Problem II would satisfy all the requirements, 
B.l to B.4. But it is unlikely that a set of prices, selected arbitrarily. 
2. Problem II 3 
F(x, u) = (p-c)x - bu (2.8)  
3 
Problem II corresponds to Plessner's Problem 2 (41, p. 32). 
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will equate supply and demand. The model needs a mechanism for deter­
mining market price. 
3. Problem III^  
Problem III is another primal-dual problem. It maximizes 
G(x, u, w) = dw - cx - bu C2.9) 
subject to 
Ax s b (2.10) 
w - A'u g c (2.11) 
-X < -d (2.12) 
X, u, w à 0 (2.13) 
d = d(p) is the quantity demanded in equilibrium and w is a vector of 
imputed prices for the outputs, d. Problems II and III are very similar. 
The constraints on resource use, (2.3) and (2.10), are exactly alike. 
Both (2.6) and (2.11) require that no activity be profitable; for a. given 
price vector, w = p, (2.11) can be rewritten exactly like (2.6). 
Multiplying (2.11) by -1 and moving w = p to the right-hand side of the 
inequality, we have 
A'u a p - c 
The objective functions (2.8) and (2.9) differ somewhat, but only constraint 
(2.12) is completely new. It requires that output be at least as large as 
the quantity demanded. Multiplying (2.12) by -1, we have 
X & a 
P^roblem III corresponds to Plessner's Problem 3 (41, p. 32). 
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Plessner shows that the primal part of Problem III can be solved, by an 
iterative procedure, for w = p, the equilibrium price vector (41, p. 23). 
Thus, Problem III satisfies condition B.4. It also satisfies 
conditions B.2 and B.3 under any circumstances that Problem II satisfies 
them. That is, maximum net profits for the sector, (2.9), are zero; 
maximum net profits for any firm in the sector are zero if the decentral­
ization property is satisfied; and (2.11) assures that no process is 
profitable. Problem III seems to be a linearized version of the model we 
want. The difficulty is that the solution to Problem III, unlike the 
solution to Problem II, may not be efficient, although Plessner thought he 
proved that it was. 
Plessner's proof (41, p. 33) supposes that w° = p° is the equilibrium 
price vector. The associated quantities demanded are given by d° = d(w°) 
= d(p°). Plessner writes, "we imposed the condition x° = d°,", and then he 
observes that Problem III can be reformulated as Problem Ilia: maximize 
(p° - c)x - bu .(2.9a) 
subject to 
Ax 5 b .(2.10a) 
-A'u < c - p° (2,11a) 
X, u Z 0 (2,13a) 
Problem Ilia has the form of Problem II and, if (p° - c) >0, its solution 
will be efficient. Stçpose, in equilibrium, however, that (p° - c) = 0. 
This simply means that price and the cost of purchased inputs are equal, 
and that imputed resource rents are zero. Such a situation may be unlikely 
but it is certainly not iiiq)ossible. In such case, the coefficient of x in 
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(2.9a) is zero and the value of x is indeterminate, (x, u) = (0, 0) 
satisfies all the constraints and gives (2.9a) its maximum value. That is, 
zero supply (x = 0) is feasible for Problem Ilia. But demand is greater 
than zero, i.e., d° = d(p°) > 0. Retaining (2.12) in Problem Ilia would 
avoid this difficulty but would not guarantee an efficient solution. 
The difficulty, for the one-commodity case, is illustrated in Fig. 7. 
Price and cost are measured on the vertical axis; quantity is measured on 
the horizontal axis. If production must be at least as great as demand, 
the quantity q^  will be produced and p° = c, i.e., price equals the cost 
of purchased inputs, q^  is potential production from the given inputs so 
q^  is not output-efficient. An efficient one-commodity case is illustrated 
in Fig. 8. Equilibrium price is greater than the cost of purchased inputs 
and the difference, p° - c, is imputed resource rent per unit of output. 
In this case, q^  is efficient. 
Separating Problem III into its primal and dual components 
demonstrates the difficulty for the multicommodity case. 
Primal Dual 
max 3w - bu min cx 
w - A'u < c Ax < b 
w, u ^  0 -X 5 -3 
X & 0 
The dual component of Problem III and the linear models in Section D of 
Chapter I have exactly the same form. Plessner argues (41, p. 16) that 
the solutions to such problems are not necessarily efficient. Fig. 9, 
which is a reproduction of Plessner's Fig. 1 (41, p. 18), illustrates his 
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argument. ABC is the efficiency frontier defined by (2.10). If dj^  and 
dg are the quantities demanded, the solution occurs at E, at a nonefficient 
point. The solution illustrated in Fig. 10, for a similar problem, is 
efficient, however. The question arises, is a competitive equilibrium 
always efficient? Plessner assumes that it is, as the quotation in the 
first paragraph of this section indicates. That question will be examined 
in the next section. But first, a further digression on efficiency will 
be useful. 
A linear function gCx), defined on a contact (closed and bounded) 
set X = tx/Ax < b, X SO} reaches its maximum at a boundary point of X 
(see 35, p. 15). This fact, apparently, is the basis for the emphasis, by 
Koopmans and Dorfman et al., on efficiency frontiers. It is the basis for 
Plessner's assertion (41, p. 29a) that problems like the one illustrated 
in Fig. 9 are not efficient. But, DEFB in Fig. 9 is also a compact set, 
X* = (x/Ax a b, X 2: &}. A linear function, f(x) = cx, defined on X* 
reaches its minimum at a boundary point. And, if c >0, the minimum is 
at E, where it is impossible to decrease inputs and maintain output. E, 
therefore, is an input-efficient point. The "dual" nature of efficiency 
tells us that, at E, output cannot be increased without lising more 
resources. It appears that Plessner's assertion about Fig. 9 is based on 
too narrow a definition of efficiency. 
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p= f (q) 
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Fig. 10. An efficient solution 
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C. Market Equilibrium 
The subject of this section is competitive equilibrium, particularly 
what might be called "partial competitive equilibrium" — an equilibrium 
for only one market or subsector of an economy. Two characteristics 
distinguish partial from full competitive equilibrium: 
a. Not all prices are variable. Specifically, the prices of 
those resources represented by the vector c are fixed. 
b. Lack of alternative uses for resources. No uses for the 
resources b, other than as inputs to production processes 
in the subsector, are defined. 
Koopmans defines a coiiç)etitive equilibrium as follows: 
"A competitive equilibrium is a balancing bundle of choices 
satisfying postulates 1-4 and a system of prices, one for 
each commodity, such that, if all 'values' are computed at 
those prices, 
(a) the choice of each consumer is preferred or 
equivalent to all other choices in his con­
sumption set that are of equal or lesser value, 
(b) the choice of each producer yields the maximum 
value attainable in his production set, 
.Cc) the value of the commodities released by each 
resource holder is the maximum value attainable 
to him under postulate 4" (35, p. 46). 
A balancing bundle of choices is one for which supply and demand are 
equal (35, p. 45). Kpopmans• postulates 1-4 define the rules by which 
decision makers — consumers, producers and resource holders — may make 
choices : 
a. Consumer choices Condition (a) requires that if x^  is the 
choice of goods for the ith consumer and if xf is any other choice in his 
consunqption set such that px^  i pxf, then x^  must be preferred, or at 
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least equivalent, to xf. This is Samuelson's axiom of revealed preference 
(see 8, p. 368); it requires "rationality" on the part of consumers. 
Dorfman et al. argue (8, p. 368) that, because of potential changes in 
income distribution that may result from price changes, this "rationality" 
requirement is not necessarily satisfied when demand is represented by 
market demand functions. "BTith a changed income distribution, different 
'preferences' will be revealed"(8, p. 368). There is no obvious way 
around this difficulty except to assume that price changes are such that 
income distribution is not affected. Admittedly, this is not a very 
satisfying assumption. Except for this difficulty. Problem III satisfies 
condition (a). 
b. Producer choices In the simplest case, a producer is 
represented by a single activity with only one output. His net profits 
are given by 
m 
(2.14) p. - c. - E a. .u. 
: J i=i ^ 3 ^  
where p^  is the price of his output, c^  is the cost of purchased inputs, 
a^ j is the quantity of the ith resource required per unit of output, and 
u^  is the imputed price of the ith resource. In the programming problems 
examined up to now, the maximum value of (2.14) is zero. (2.14) illustrates 
that efficient resource use may be extremely important for a producer. If 
u^  > 0, only by using the minimum amount C^ j^) of the associated resource 
can profits be maximum. Otherwise, per-unit profits and, consequently, 
total profits will be negative. If u^  = 0, however, there is no particular 
urgency to economize because the associated resource has no effect on 
costs, regardless of the amount used. 
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c. Resource-holders choices In the simplest case, again, a 
resource holder is responsible for only one resource. He maximizes the 
value attainable to him by releasing all of his resource if the price is 
positive and none if the price is negative. If the price is zero, it 
makes no difference how much he releases. There is no reason to suppose, 
in the absence of information to the contrary, that a resource-holder 
would not permit his resource to be used when its price is zero. 
Nothing in this discussion precludes a competitive equilibrium at a 
nonefficient point. Such an occurrence may be highly unlikely, as a 
practical matter, but it is not theoretically impossible. If efficiency 
is necessary for a competitive equilibrium, it is a requirement on the 
producing sector. If resource prices are positive, producers can avoid 
negative profits only by using resources efficiently. 
Under what conditions might a competitive equilibrium occur at a 
nonefficient point? Since supply must equal demand in equilibrium, we 
must examine both supply and demand to find the answer. The demand 
equations reflect the usual condition that as price falls the quantity 
demanded rises. If price falls far enough, the quantity demanded may be 
very large indeed, especially if the assumption of nonsaturation holds. 
Thus, if prices are freely variable, the quantity demanded will con­
ceivably be large enough that the resulting allocation is efficient even 
in the most richly endowed economy. 
Expression (2.14) is instructive about what can be expected on the 
siq)ply side. First, we recall that the producer has no control over c^ ; 
it is fixed. Consequently, he has no incentive to produce if p falls 
34 
below c, i.e., (p-c) <0, even if = 0 for all i. In a completely 
general equilibrium model, there would be no fixed c because all prices, 
including those represented in c, would be variable. In a richly endowed 
economy, many resource prices may be very low; some may even fall to zero. 
There may be motivation for producers even at such low prices and, 
because of the low prices, the quantity demanded may be very large. In 
short, a competitive equilibrium may never occur at a nonefficient point. 
What of an isolated sector of an economy, e.g., agriculture? c may 
be large because of the large quantity of resources purchased from other 
sectors of the economy. In such case, (p - c) = 0 may occur for a 
relatively large p. In this case producer motivation, not consumer 
preferences (nonsaturation), is the deciding factor. If the sectoral 
resource endowment is large (e.g., land in U.S. agriculture), production 
may not exhaust resource supply before (p - c) = 0 is reached. If not, 
u = 0 and (2.14) becomes 
(p - c) 3 0 (2.14a) 
There is no motivation for producers if (p - c) < 0 so, in equilibrium, we 
expect strict equality in (2.14a). This is the basis for a.rguing that the 
solution to Problem III, even if not efficient, represents a partial 
competitive equilibrium. 
Koopmans makes the following statement: 
"Proposition 7. In the linear activity analysis model (defined 
by Postulates 6-10) there is associated with each efficient 
bundle of activities at least one system of prices compatible 
with the technology, such that every activity in that bundle 
breaks even, such that desired commodity prices are positive and 
such that the price of a primary commodity is nonnegative, zero, 
or nonpositive, according as its available stçply is fully used, 
partly used, or not used at all, respectively" (35, p. 88). 
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The efficient points described here satisfy all the requirements for a 
competitive equilibrium. We might conclude that every competitive 
equilibrium is an efficient point. Dorfman et al. say almost exactly 
that: 
"... if firms maximize their profits competitively with respect 
to any given set of positive prices for goods and factors, the 
resulting configuration of inputs and outputs will be efficient. 
Conversely, if we are given an efficient input-output situation, 
there is a set of nonhegative prices for which this situation is 
the competitive profit-maximizing equilibrium" (8, p. 404). 
For completely general models, competitive equilibrium solutions 
will be efficient, i.e., the solution will be on the efficiency frontier. 
Partial competitive equilibrium solutions, by contrast, may not be on 
the efficiency frontier. To argue that such solutions are not efficient, 
however, involves an overly strict definition of efficiency, as discussion 
in the two preceding sections indicates. It seems likely that such 
solutions are efficient for the given output, even if not on the 
efficiency frontier. This argument on efficiency will not be pursued 
further here. The principal purpose of this section — to show that a 
partial equilibrium solution is, in fact, an equilibrium, if its assump­
tions are granted — has been accomplished. 
D. Nonlinear Models 
Solutions for nonlinear programming problems, unlike those for 
linear programming problems, are not generally efficient^  (cf. 8, p. 188). 
I^n this section, the term efficiency is used in the limited sense 
of efficiency on the efficiency frontier. 
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They may be efficient for particular problems, of course. The difficulty 
is illustrated in Fig. 11. Each concentric ellipse connects the points 
that give a fixed objective function value. The maximum value of the 
objective function is associated with A, a nonefficient point. For the 
efficient points B and C, fCA) > f(B) = F(C). In Fig. 12, the uncon-
strainted maximum occurs at A, outside the feasible space. The maximum 
feasible value occurs at x, an efficient point. 
Plessner attempts to formulate a nonlinear model like the one 
illustrated in Fig. 12, one that also incorporates many of the character­
istics of Problem III. Problem III can be rewritten: maximize 
G(x, u, w) = 3w - cx - bu (2.9) 
subject to 
C2.15) 
X, u, w a 0 (2.13) 
The coefficient matrix in (2.15) is skew-symmetric, i.e., it equals the 
negative of its transpose. This is characteristic of self-dual problems 
(see 54). Moreover, the coefficients of the objective function (2.9) are 
the negatives of the ri^ t-hand side of (2.15). And, in addition, 
G(x, Û, w) = 0. 
Now, suppose that demand is represented by 
d = d + Dp (2.16) 
o  ^
where d^  is a vector of constants and D is negative semidefinite. The 
general form of the nonlinear model, call it Problem IV, is to maximize 
*0 A 0 u b 
-A' 0 I X < c 
_0 -I 0. _w. -d. 
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F(x, p, u) = d^ p + p'Dp - cx - bu (2.17) 
subject to 
(2.18) 
(2.19) 
(2.20) 
X, p, u â 0. (2.21) 
To illustrate the resemblance between Problems III and IV, con­
straints (2.18) to (2.20) can be rewritten 
Ax s b 
p - A'u s c 
Dp - X s -d 
0 -A' I X c 
A 0 0 u < b (2.22) 
-I 0 D p 
Except for the submatrix D, the coefficient matrix of (2.22) is skew-
symmetric. Furthermore, the coefficients of the linear portion of (2.17) 
are the negatives of the right-hand side of (2.22) . The objective func­
tion (2.17) is quadratic in prices. It is the sum of a linear form and 
a negative semidefinite quadratic form. Linear forms are both concave and 
convex; negative semidefinite quadratic forms are concave (see 24, p. 85). 
Consequently, (2.17) is concave and any maximum will be a global one (see 
24, p. 212). 
To establish the other properties of Problem IV (Plessner Problem 
I.l), Plessner proves two theorems. Theorem 1 (41, p. 43) establishes 
that the maximum value of the objective function is zero, i.e., 
F(x, p, Û) = 0. A corollary to Theorem 1 shows that, for any commodity 
with a positive price, supply will exactly equal demand. 
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Theorem 2 (41, p. 44) purportedly establishes that the solution to 
Problem IV is efficient. I first repeat the proof and then show that it 
is not universally correct. 
"Theorem 2. If Problem I.l has a solution (x, p, û), then x is 
efficient, i.e., is a boundary point of the set X £ [x: Ax < b]. 
Proof. Consider the linear programming problem 
to maximize F^ (x, p, u) 
subject to Ax à b 
-A'u < - p + c 
-X s - d^  - Dp 
x, u à 0 
Clearly, this problem and Problem I.l have the same solution in x 
and u. Since p > 0 because of nonsaturation, we can rewrite the 
linear problem using the corollary, as Problem 1.3: 
to maximize f^ (x, u) = (p-c)x - bu < Fj(x, p, û) (2.34) 
subject to Ax < b (2.35) 
-A'u < - p + c (2.36) 
X, u > 0 
Suppose now that x is not efficient, i.e.. Ax < b. Then from the 
third term in (2.33)^ , since v = û 
u = 0 (2.37) 
(2.36) and (2.37) inçly p - c 3 0. The case p - c = 0 is trivial 
since then fj(x, û) = 0 for all x. If p - c < 0, then x ^  0 
(x = 0 is, again, trivial) implies 
(^2.33) reads : (-Ax + b)'v = 0. It is one of the Kuhn-Tucker 
conditions. 
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fjCx, û) = Fj(x, p, û) < G 
which contradicts Theorem 1. Hence u > 0 and x is efficient." 
Now, nonsaturation is verbally assumed (41, p. 28) but nowhere is it 
imposed on the model. The requirement inçosed is that p be nonnegative 
(p > 0), as in (2.21), and nonnegativity does not exclude strict equality 
(p = 0) . 
The main difficulty lies elsewhere, however. When p = p, the 
linearized Plessner Problem I.l has essentially the same form as Problem 
III. Plessner Problem 1.3 and Problem Ilia have exactly the same form. 
It was shown in Section B of this chapter that the solutions to Problems 
III and Ilia are not necessarily efficient. Thus, Plessner Problem 1.3 
is not necessarily efficient. It may be efficient, of course, and if so, 
the associated Plessner Problem I.l will also be efficient. The only way 
to prove that Problem IV is always efficient, in effect, is to assume that 
it is. 
It need not be disturbing that the solution to Problem IV is not 
necessarily efficient. Such a situation arises only when productive 
capacity is very large relative to demand. And, as we saw in the pre­
ceding section, a partial competitive equilibrium is still possible even 
under those circumstances. Evidently, to show that the solution to 
Problem IV represents a competitive equilibrium is the reason Plessner 
first tried to show that the solution is efficient. 
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E. A Spatial Nonlinear Model With Intermediate Commodities 
Plessner formulated several variations of his basic model. Problem 
I.l (Problem IV here). Plessner Problems II.1, III.l, and III.2 are 
spatial variations. II.1 permits interregional trading of inputs, III.l 
permits interregional trading of final commodities, and III.2 incorporates 
resource supply functions. Problem III.3, on the other hand, is a non-
spatial formulation that incorporates intermediate, as well as primary 
and desired, commodities. According to Plessner (41, p. 61), III.3 can 
be combined with either II.1, III.l, or both, in a very general spatial 
model. The model used in this study is a combination of III.l and III.3: 
a spatial model, with desired, intermediate and primary commodities, that 
permits interregional trading of desired and intermediate commodities. 
Following Koopmans and Bausch (36, p. 98-108), the finite number of 
commodities is classified into three mutually exclusive classes: 
Primary — inputs flowing into production from outside the produc­
tive system. 
Intermediate — produced only as inputs for further production. 
Desired — wanted for consumption or other uses outside the produc­
tive system. 
A vector y in the commodity space can be partitioned accordingly as 
d^ 
y = 
where y^  is a vector of desired commodities, y^  is a vector of inter­
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mediate commodities, and is a vector of primary commodities. 
1. Demand 
Suppose that there are K spatially separated markets for desired 
commodities and that demand for desired commodities in the kth market is 
represented by the linear system 
d^  = d^  + oy, k = 1, ..., K. (2.23) 
Ic Ic Ic d is a vector of quantities demanded, d^  is a vector of constants, p is 
a vector of prices for desired commodities, and D is a negative semi-
definite matrix of constants. (2.23) has exactly the same form as (1.5) 
in Chapter I, Section C, and (2.16) in the preceding section of this 
chapter. (2.16), of course, is not a spatial system. 
2. Transportation 
Let s^  ^be a vector of activity levels that represents the shipment 
of desired and intermediate commodities from market j to market k. Let 
t^  ^be the associated vector of constant per-unit shipping costs. These 
vectors can be partitioned into their desired and intermediate components 
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Intramarket shipments axe ignored. Primary commodities are assumed 
immobile. 
3. Production 
As in Chapter I, Section C, assume that there are H producing 
regions in the kth market area. The following notation, much of it 
repeated from Chapter I, will be used: 
hk b is a vector of available primary commodities (resouirces) which 
are assumed immobile; 
ïilc X is a vector of activity levels (other than transportation); 
hk 
c is a vector per-unit activity costs representing purchases of 
inputs from other sectors of the economy; 
w is a vector of imputed prices for intermediate commodities; 
u^  ^is a vector of imputed prices for the primary commodities, b^ ;^ 
and 
A^  ^is the technology (input-output) matrix relating b^  to x^ .^ 
Let it be understood that h = 1, ..., and k = 1, ..., K. That is, the 
number of producing regions per market area is not necessarily constant. 
For simplicity, however, the subscript on H will not be used. 
hk A can be partitioned to conform with the partitioning of the 
commodity space: 
A^  = 
.hk 
Af 
.hk 
L'pJ 
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Each column, a4^ , of represents a process that transforms primary and 
intermediate commodities into intermediate and desired commodities. The 
hk 
elements of are negative for outputs, positive for inputs, and zero 
for commodities not involved in the process. Thus, [0], [0], and 
hlc  ^A^  > [0]. That is, desired commodities are never inputs and primary 
commodities are never outputs, but intermediate commodities may be either. 
4. The model 
The model itself, call it Problem V, maximizes 
f(p\ sit) 
= z [(d^  + oV) 'p^  - 2 c^ X^^  ^- E - Z I t^ s^i^  (2.24) 
k=l ° h=l h=l j k 
subject to 
- (Ap^ )'i^  ^- (A^ )^- (A^ )^'p^  i c^  ^ (2.25) 
h^k^ hk ^  yhk (2.26) 
E A^ x^^  ^- Z (s^ k _ s^ j) < 0 (2.27) 
h=l  ^ jjfk  ^  ^
? * DV -  ^ (sj^  - s^ ) < - ^  (2.28) 
h=l  ^ iA 
pk _ pi < tj^  (2.29) 
< tj^  (2.30) 
x^ ,^ u^ ,^ w^ , sik, pk % 0 (2.31) 
The objective function (2.24) is an aggregate net profit function. It 
consists of total revenue from desired commodities minus : production 
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costs, land rents and transportation costs. 
Constraints (2.25) require that no activity be profitable. 
Omitting regional superscripts, the gth constraint from this set can be 
written 
-jl - jli Vj ' 
where j = 1, ..., s represents primary commodities, j = s+1, ..., t 
represents intermediate commodities and j = t+1, ..., n represents 
desired commodities. By (2.31) u., w., and p. are nonnegative. Since, 
J s ^  J s 
for primary commodities, a.sO, Za.u.^ 0 and - E a„.u. s 0. For 
' . gj j=i gJ ] j=i gJ ] 
n n 
desired commodities, a . s 0, E a .p. s 0 and - E a .t. à 0. For 
gJ j=t+i g/] j=t+i : 
intermediate commodities, a . > 0, as the jth commodity is an input, an 
gJ ^  t 
output or not involved in the gth activity; accordingly, E a .w. $ 0. j=s+l gJ J ~ 
The expression to the left of the inequality in (2.32) measures value; it 
is the value of desired commodities, minus the value of intermediate 
commodities (if intermediate commodities are used in the activity, other­
wise their value is added), minus the value of primary commodities. 
Expression (2.32) requires that net value not exceed the value of pur­
chased inputs, c . Or, stated differently, net profit for the gth 
. g 
activity must be nonpositive 
-j!i '«"3 - "«/j • jli '«j'j -
Constraints (2.26) simply require that resource (primary commodity) 
use not exceed the supply. They are the counterparts of (2.18) of Problem 
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IV and (2.10) of Problem III. For intermediate and desired commodities, 
respectively, (2.27) and (2.28) require that production plus net imports 
be at least as great as demand. The meaning is, perhaps, clearer if 
(2.28) is rewritten 
- 1 . Sj') ' C2-28a) 
h=l ifk d à o 
Except for interregional shipments, (2.28) is the counterpart of (2.20) 
of Problem IV. (2.27) is required when intermediate commodities are 
included in the model. 
Constraints (2.29) and (2.30) are Samuelson's (44) requirements for 
equilibrium in trade. They require that the price differential between 
any two market areas not exceed the shipping cost. These constraints 
are analogous to (2.25) in that they assure that no transportation 
activity will be profitable. For every transportation activity there is 
one and only one constraint of the form (2.29) and (2.30). The formula­
tion does not preclude the flow of commodities in both directions between 
12 21 two regions. For example, both s and s may be defined. If they are 
12 21 defined, there is no requirement that t = t . 
Let us define two submatrices, and T^ , and two vectors, t^  and 
t^ , such that (2.29) and (2.30) can be rewritten 
-TJw < t^  (2.29a) 
-T^ p 5 t^  (2.30a) 
Then, if regional matrices and vectors are adjoined appropriately, (2.25) 
to (2.30) can be rewritten 
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"b 
"^ p 0 0 
: X c 
0 0 0 0 0 u b 
0 0 0 0 0 -T' 
c 5 "d 
0 0 0 0 -TÎ 0 i^ 
0 0 Ti 0 0 w 0 
0 d^ 0 0 D p 
The coefficient matrix of (2.34) has exactly the same form as the 
coefficient matrix of (2.22) for Problem IV: it is skew-symmetric, 
except for the submatrix D; and the coefficients of the linear part of 
the objective function (2.24) are the negatives of the right-hand side of 
(2.34). Problem V has the same properties as Problem IV: it is a self-
dual problem with an optimal objective function value of zero. Plessner 
and Heady (42) show that problems like Problem IV have these additional 
characteristics: (a) if all H producing regions in the kth market face 
-k -k the prices (p , w ), net profits for each producing region will be 
maximum and zero; (b) for every product with positive output, marginal 
cost will equal price; (c) for every product with positive price, supply 
will equal demand; and (d) the trade equilibrium conditions will be 
satisfied as equalities for any product actually traded. 
Problem V is a very general model. A brief summary of the Walras-
Cassel general equilibrium model as formulated by Dorfinan et al. (8, 
Chap. 13) emphasizes its generality. The Dorfman et al. formulation can 
be characterized as follows: 
a. Resource demand: 
Ax3 b (2.35) 
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b. Commodily demand: 
X = FCp, u) 
c. Production optimality: 
A'u ^  p 
d. Resource supply: 
b = G(p, u) 
(2.36) 
(2.37) 
(2.38) 
Dorfman et al. observe that (2.35) and (2.37) are equivalent to the 
dual constraints of a linear programming problem. With b fixed, they 
describe an iterative procedure by which the reduced system, (2.35) to 
(2.37), can be solved. First, an x* associated with a fixed price, p*, 
is found. By trying different p's, a solution x is eventually found such 
that X = F(p, Û). This procedure is very similar to the one described by 
Plessner (41, p. 23) . The advantage of Problem V over this formulation is 
that Problem V explicitly incorporates demand functions. The demand 
functions must be linear, of course. If demand can be adequately repre­
sented by a linear system. Problem V provides a useful solution procedure. 
If a linear system is inadequate. Problem V is not general enough. 
Dorfman et al. argue (8, p. 374) that the iterative procedure can be 
expanded to find a solution for the full system, (2.35) to (2.38). However, 
such a procedure rapidly becomes unwieldy as the problem size increases. 
If resource supply can be adequately represented by a linear system, com­
bining Plessner Problem III.2 and Problem V would give a very general model 
indeed. Such a model would include every aspect of (2.35) to (2.38). 
That quadratic programming constrains us to linear demand functions and 
linear resource supply functions precludes complete generality, but none­
theless permits a very general model. 
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An application of Problem V to U.S. agriculture will be described 
in the next chapter. 
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III. THE DATA 
A. Introduction 
The principal emphasis in this study is on model application 
rather than on the generation of new data. Existing data were used 
wherever possible although at least some modifications were usually 
necessary. The purpose of this chapter is to describe the data, to dis­
cuss the modifications, and to indicate the main sources of data. &^ich 
of the derived data is reported either in the body of this chapter or in 
the appendix. 
As noted in Chapter I, this study is an analysis of both the crop 
and livestock sectors of U.S. agriculture. The commodities included were 
classified into three mutually-exclusive categories — desired, inter­
mediate, and primary — as shown in Table 3. Desired commodities are in 
farm-level, rather than retail, units. By this treatment, the processing 
sector can be ignored and the model is simplified. Meat products 
(cattle, calves, and hogs) are measured in livewei^ t units. 
Only the 48 contiguous states and the District of Columbia were 
included in the study. This area was partitioned into 10 markets for 
desired commodities (Fig. 13), and the markets were further partitioned 
into 103 crop-producing regions (Fig. 14). (The 10 markets coincide with 
the 10 USDA farm production regions.) Demand for desired commodities in 
each market is represented by linear, price-dependent equations of the 
form (2.29). Livestock production is represented by activities defined 
in 10 livestock-producing regions, which are congruent with the 10 markets. 
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Table 3. Commodity classification 
Desired 
commodities 
Intermediate 
commodities 
Primary 
commodities 
Cattle 
Calves 
Hogs 
Fluid milk and cream Feeder calves 
a 
Feed grains 
Oilmeals 
Roughage (hay and silage) 
Manufacturing milk 
Vegetable oils^  
Wheat^  
Com^  
Oats^  
Yearlings 
Cropland 
Hayland 
Wild-hayland 
Pasture 
Beef-cow capacity 
Milk-cow capacity 
Beef-feeding capacity 
Hog-feeding capacity 
Barley 
M^ilk used in evaporated and condensed milk, cheese, ice cream, and 
butter. 
S^oybean oil and cottonseed oil. 
F^ood uses only. 
Crop production is represented by activities defined in the crop-
producing regions. Livestock and crop production within a market area 
contribute to central supplies there. For desired and intermediate 
commodities, transportation activities permit trading between markets. 
Primary commodities are assumed immobile. 
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Fig. 14. Location of crop-producing regions 
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The year 1965 is the base year for this study. By this choice, 
Brokken's study (4) is available as a source of data and for comparison 
of results. Brokken's study incorporates the crop and livestock sectors 
of U.S. agriculture in a linear model, in which demand is assumed known. 
Brokken considered several time periods but 1965 is the latest.year for 
which he derived data.^  For this study, his data could have been pro­
jected to a more recent period. That is a major effort in itself, however, 
and conçarison of results from the two models would not have been 
meaningful. 
Limited computer program capacity forced several shortcuts and 
simplifications. For example, the 10 market areas and 103 crop-producing 
regions in this study compare with 20 consuming regions (market areas) 
and 157 crop-producing regions in Brokken's study. (The 10 market areas 
and 103 producing regions are defined so that, by single summation, 
Brokken's results can be readily converted to the same area partitions.) 
Other shortcuts will be mentioned throughout the chapterj the reasons 
they were necessary will be discussed in section F, "Data Preparation." 
B. Demand Data 
1. National demand 
To estimate demand equations, the first step was to estimate national 
domestic demand equations. A linear system of the form 
B^rokken formulated three basic models: 1954, 1965, and efficient 
management (EM). Livestock data for the EM model is 1965 data from the 
more efficient producers; crop data is the same as for the 1965 model. 
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d = dg + Dp (3.1) 
was used; d is a vector of quantities demanded for domestic use, d^  is a 
vector of constants, D is a negative semidefinite matrix of constants, 
and p is a vector of national average prices received by farmers. 
Brandow (3) estimated national, farm-level demand equations of the 
form 
d* = d* + D*p + tT. (3.2) 
T is a trend term that represents changes in tastes and per capita income; 
t is a time variable. The remaining symbols have definitions analogous 
to those of their counterparts in (3.1). To derive (3.2), Brandow first 
estimated retail demand elasticities (3, Table 1). He next derived farm-
level elasticities from the retail elasticities (3, Table 12). Finally, 
he derived farm-level demand equations from the farm-level elasticities 
(3, Appendix Table 2). His base period was 1955-57. 
Demand equations (3.1) for 1965 could have been obtained from (3.2) 
by assigning t the appropriate value and incorporating the resulting 
trend value in the intercept term: 
d = d* + tT. (3.3) 
o o 
This approach implicitly assumes that D* accurately represents the 1965 
demand structure. Alternatively, it could have been assumed that 
Brandow*s farm-level elasticities were more representative than his 
slopes. A new set of slopes could have been derived, by Brandow's 
procedure, from these elasticities. 
To illustrate Brandow's procedure, define these symbols: 
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is Brandow's farm-level elasticity reflecting the percentage 
change in the quantity demanded of the ith commodity when 
the price of the jth commodity changes by one percent; 
q^  is the average quantity demanded of the ith commodity for 
domestic and export uses in 1963-65; 
is the average quantity demanded for domestic use in 1963-65; 
EU = q^  - q^  is the average quantity of the ith commodity exported 
in 1963-65; 
Pj is the average price for the jth commodity in 1963-65; 
d^ j is the derived slope coefficient showing the effect of a one-
unit change in the price of the jth commodity on the quantity 
demanded of the ith commodity. 
Then 
q; 
dj^ . = — ®xj* i» j = 1, •••» 10. (3.4) 
Pj 
The matrix of slope coefficients is 
D = [d^ j]. (3.5) 
If Q = [q^ ] is the vector of average annual quantities demanded for 
domestic use, 1963 to 1965, and p = [Pj] is the vector of average prices 
received by farmers in the same period, then 
Q = dg + Dp (3.6) 
or 
d = Q - Dp (3.7) 
o 
For year t, suppose that is the vector of quantities consumed, 
Q* is the vector of predicted quantities from the "new" slopes, and Q° is 
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the vector of predicted quantities from Brandow's slopes. Suppose, 
further, that for 1956, t = 0. The sums of squares of deviations of 
predicted quantities from actual quantities for the period 1956 to 1965 
are given by (3.8) and (3.9). 
9 
^ (QÎ - QJ ' (Q* - QJ  (3.8) 
t=0 t t t t 
9 
: (Q° - QJ'(Q° - QJ (3.9) 
t=0 
The "new" slopes were chosen for this study because (3.9) = 10 x (3.8), 
approximately. For 1963 to 1965, average quantities for domestic use and 
average prices received by farmers are given in Table 4. The estimated 
national demand matrix is given in Table 5. 
Other alternatives, short of completely reestimating the demand 
structure, are available. Processing costs might be reestimated and new, 
farm-level elasticities derived from Brandow's retail elasticities with 
the new processing costs. New retail elasticities might be estimated 
for those commodities with large quantity changes (e.g., beef and vegetable 
oils). The second alternative is appealing but it would entail a larger 
investment of time than the method used. 
! 
2. Market demand 
k k Let d be the vector of quantities demanded and p be the vector of 
prices received by farmers in the kth market, k = 1, ..., 10. Demand 
for desired commodities in the kth market is given by 
d^  = d^  + DV (3.10) 
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Table 4. Average 1963-65 prices and quantities used to compute farm-
level demands for domestic food use 
Farm Farm Price per farm Unsubsidized 
product quantity quantity unit& domestic tise^  
Pi 
(dollars) (10,000) 
Cattle cwt. 19.27 18,525.0 
Calves cwt. 22.17 963.0 
Hogs cwt. 16.77 18,368.0 
Fluid milk^  1000 lbs. 49.50 5,910.0 
Mfg. milk^  1000 lbs. 34.37 6,268.1 
Oils® 1000 lbs. 106.73 465.1 
Wheat 10 bu. 15.20 5,204.0 
Com 10 bu. 11.30 3,367.0 
Oats 10 bu. 6.25 463.0 
Barley 10 bu. 9.54 1,013.0 
S^ources: Cattle, calves, and hogs (16); milk (11); oils (17); 
wheat, corn, oats, and barley (50). 
S^ources: Cattle, calves, and hogs (16); milk (18); oils (17) j 
wheat, com, oats, and barley (14). 
Including cream. 
'^ Includes milk used in evaporated and condensed milk, cheese, ice 
cream, and butter. 
S^oybean oil and cottonseed oil. 
f Includes barley used for food and barley equivalent of malt used 
for food, alcohol, and alcohol beverages. 
Table 5. National, farm-level demand for food use, 1965: slope 
: coefficients showing the effect of a one-unit change in the 
farm price of the commodity at the head of a column on the demand 
for the commodities at the left; and domestic intercept terms^  
Farm 
product Cattle Calves Hogs 
Fluid 
milk® 
Mfg. 
milk 
Cattle -615.59490 30.526240 62.39628 .035057 1.71662 
Calves 12.58080 -46.235100 6.20039 .001913 .09368 
Hogs 85.98432 20.577340 -498.14790 .036865 1.80516 
Fluid milk^  1.71749 .266576 .98676 -17.252280 1.35842 
Mfg. milk^  15.90606 2.459740 9.04520 12.548820 -350.33470 
Oils^  .40362 .062318 .22885 .027911 3.14881 
Wheat 7.30424 1.122437 4.12700 .502714 1.33490 
Com 7.29346 1.116601 4.14275 .500101 1.32433 
Oats .12623 .019362 .07110 .008671 .02359 
Barley .08323 .013154 .04347 .005891 .01697 
All prices in dollars per quantity unit given in Table 4. Quantity 
changes are in 10,000 units. 
I^ncludes cream. 
%ilk used in evaporated and condensed milk, cheese, ice cream, and 
butter. 
Soybean oil and cottonseed oil. 
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Oils^  Wheat Corn Oats Barley Intercept 
.04878 1.141644 .460699 0.0 0.0 28576.0 
.00266 .062303 .025142 0.0 0.0 1609.8 
.05129 1.200525 .484460 0.0 0.0 24516.0 
.01107 .077763 .052301 0.0 0.0 6658.8 
6.23697 1.567025 .610169 0.0 0.0 16479.0 
-12.44609 .030298 .013585 0.0 0.0 1567.5 
.04372 -10.948290 .825811 .124422 0.0 5050.0 
.01496 1.996375 -23.461790 .127768 0.0 3294.3 
.00268 .034516 .012662 -.534184 0.0 460.1 
0.0 .019186 .012904 .000000 -11.264390 1116.5 
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where = Oj^ d^  + - 0^  (3.11) 
and = a^ D. (3.12) 
The scalar, a , is the proportion of U.S. population (48 states and D.C.) 
 ^ 10 
in the kth market area. Thus, 0 < a, < 1 and E a, = 1. The vector 
k  r k i  k = l  ^  
E = LE^ J is the average annual quantity exported through commercial 
channels from ports in the kth market in 1963 to 1965. 0 is the market's 
2 
share of cottonseed oil available from cotton produced in the U.S. The 
1965 U.S. population and proportions by market areas are given in Table 
6. Demand equations for the 10 markets are given in Appendix B, Tables 
38 to 47. 
A legitimate criticism is that this method of estimating market 
demands does not recognize differences in preferences and per capita 
incomes among markets. Enough information is provided in Brandow's study 
that some adjustment could have been made for variations in per capita 
income. Adjusting for differences in preferences would have been much 
more complicated, however. To properly account for differences in both 
preferences and per capita incomes, a study, much like Brandow's would be 
required for each market. Needless to say, such a study would be a major 
effort even if adequate data were available. 
3. Foreign exports of desired commodities 
Foreign exports (or imports) of the following desired commodities 
were permitted: cattle, hogs, manufacturing milk (products), vegetable 
oils, and wheat. Com, oats, and barley exports were treated as feed 
2 See section C.l, Land resources, for further discussion of the 
treatment of cotton. 
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Table 6. U.S. population and proportions by market areas, 1965 
Market Population 
area (millions) Proportion 
1 52.454 .2720 
2 18.193 .0944 
3 16.223 .0841 
4 7.810 .0405 
5 33.025 .1713 
6 16.019 .0831 
7 5.045 .0262 
8 13.039 .0676 
9 7.692 .0399 
10 23.314 .1209 
U.S.a 192.814 1.0000 
A^laska and Hawaii excluded. Source: (56). 
grain exports because of lack of data about their ultimate use (food vs. 
feed). Exports of cattle and hogs are liveweight equivalents of beef and 
pork exports (or imports). Vegetable oil exports include soybean oil, 
cottonseed oil and the oil equivalents of soybeans and cottonseed. Fluid 
milk exports were neglected because the quantities involved are minuscule. 
Only commercial exports were included; exports under P.L. 480 and 
other government-subsidized programs were excluded. As (3.11) indicates, 
lixports of intermediate commodities are discussed under "Exogenous 
feed requirements Section D. 5. 
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exports, in effect, become a part of total demand in the market area 
from which they are exported. Average 1963 t o 196 S net commercial exports 
of desired commodities by market area are given in Table 7. 
Table 7. Net commercial exports of desired commodities, average 1963-65^  
Market 
area 
Cattle^  
(1000 cwt.) 
Hogs^  
(1000 cwt.) 
Other milk^  
(1000 cwt.) 
Oils^  
(1000 cwt.) 
Wheat® 
(1000 bu.) 
1 -122.23 -23.26 17.97 1,990 
2 
- -
18.00 750 
3 —  - 24.40 120 
4 0-97 1.88 17.07 202.16 6,790 
5 
— 
61.78 680 
6 -6.23 0.64 17.07 19.48 970 
7 
— — -
8 
— 
0.41 11,020 
9 
— 
- -
10 141.02 2.07 17.07 6,580 
U.S. 13.53 -18.67 51.21 344.20 28,900 
N^egative entries indicate imports. 
L^ivoweight equivalent. Source: (16, 1967). 
Slilk equivalents. Source: (11). 
U^xports of soybean oil, cottonseed oil, and oil equivalent of 
soybeans and cottonseed. Source: (12, Nov. 6, 1967, 17). 
S^ource: (19, Aug. 1967). 
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C. Crop Data 
Most of the crop data used in this study was adapted from Brokken's 
1965 crop data (4). Data for Brokken's 157 crop-producing regions were 
aggregated, where necessary, to the 103 crop-producing regions. 
Resources (land) were used as aggregation weights. To illustrate the 
aggregation scheme, suppose that y^  is the yield in some composite region, 
and that y^ ,^ w^ , and are the yield, weighting factor, and acreage of 
land, respectively, for the ith component region. Then 
Crop production costs were estimated similarly. 
Other factors (e.g. crop acreage or output) could be used to esti­
mate w^ . Regardless of the factors used, however, it is almost 
impossible to avoid all bias in y^ . If the component regions have 
similar yields and costs, the bias will be small. Presumably there is 
some variation in yields and costs, otherwise the component regions would 
have been combined to begin with. Aggregation bias is not unique to 
studies of this type, of course. It is unlikely that the U.S. can be 
divided into as few as 157 regions that are completely homogeneous. In 
the final analysis, it is necessary to make some kind of compromise 
between the amount of disaggregation desirable and the amount that is 
feasible, given the research resources available (time, computational 
facilities, etc.). 
(3.13) 
where 
w. = A. / E A 
1 1 i i 
(3.14) 
65 
1. Land resources 
Four land resources were defined: cropland, hay land, wild-hay land, 
and pasture. Cropland, hayland, and wild-hayland correspond to Brokken's 
Land-2, Land-3, and Land-4, respectively. Brokken estimated the quantities 
of these three resources as follows (4, p. 166). 
Cropland: Cropland (Land-2) is the 1953 planted acreage of 
cotton, wheat, corn, oats, barley and grain sorghum. 
Hayland: Hayland (Land-3) is the 1953 planted acres of all 
hay, plus cropland. 
Wild-hayland: Wild-hayland (Land-4) is the 1953 harvested acreage 
of wild hay. 
The year 1953 is the last year in which acreages were not significantly 
influenced by government programs. 
For this study, cropland and hayland acreages are the residuals that 
remain after deducting land for cotton production from Brokken's acreage 
estimates. This cotton land requirement is an estimated, rather than an 
actual, figure. It was estimated by assuming that cotton production is 
distributed so as to minimize production costs for the quantity of lint 
used in 1965. A total of 14.056 million acres is required. The maximum 
cotton acreage in any producing region is Brokken's Land-1 (cotton land) 
acreage. Cottonseed oil and cottonseed oilmeal produced with the lint are 
assumed to contribute to supplies in the 10 market areas in proportion to 
population.^  
F^urther comment on the treatment of cottonseed oil is given in 
Section B.2, "Market demand." Additional comment on the treatment of 
cottonseed oilmeal is given in Section D.5, "Exogenous feed requirements." 
66 
The fourth land resource, pasture (Land-5], is measured as potential 
output. All land, except wild-hayland, is assumed to produce pasture if 
it is not used for other crops. Additional pasture is available from open 
permanent pasture, cropland pasture, woodland pasture and pasture not in 
farms. Each market area has a pasture-producing potential — the sum of 
maximum production from all sources -- measured in animal unit months 
(AUM)Each acre of crops on cropland or hayland reduces the potential. 
An acre of wheat, for example, requires one acre of cropland, one acre of 
hayland, and the pasture yield coefficient of one acre. An acre of tame 
hay requires one acre of hayland and the pasture yield coefficient of one 
acre. An acre of wild hay requires only one acre of wild-hayland. 
Brokken handled pasture somewhat differently. His initial pasture 
constraint is the sum of potential production from open permanent pasture, 
cropland pasture, woodland pasture and pasture not in farms. Transfer 
activities permit cotton land, cropland, or hayland to be diverted to 
pasture production. This formulation provides information not available 
from this study. Its principal disadvantage is that the transfer 
activities use computation capacity. 
Land resources are given in Appendix C — pasture resources in Table 
54 and other land resources in Table 53. 
2. Crop yields and costs 
Crop yields and production costs were estimated for the following 
crops: wheat, corn, oats, barley, grain sorghum, soybeans, silage, tame 
hay, and wild hay; pasture yields were estimated but the cost of producing 
O^ne AUM is equivalent to 410 TON per month from grazing (see 33). 
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pasture was ignored. Brokken's 1965 yield and cost estimates are linear 
projections from 1954 to 1962 trends (4, pp. 54-56), Estimates used in 
this study are weighted averages of Brokken's estimates as indicated by 
(3.13). Wild-hayland weights were used for wild hay, hayland weights were 
used for tame hay, and cropland weights were used for all other crops. 
In general, Brokken's crop costs reflect the average, long-run costs 
of production. His estimates include allowances for the following 
components: machine costs (depreciation, interest, taxes, insurance, 
grease, repairs, fuel, and oil), labor, lime and fertilizer, insecticides 
and herbicides, seeds or sprigs, and irrigation water (4, p. 53). 
Crop yields and production costs used in this study are reported in 
Appendix C — yields in Table 48 and costs in Table 49. 
3. Crop-producing activities 
At most 10 crop-producing activities were defined for each crop-
producing region: wheat, corn, oats, and barley for food; feed grain 
rotation, feed grain-soybean rotation, feed grain-silage rotation, feed 
grain-hay rotation, hay-silage rotation, and wild hay. Brokken defined, 
in addition, a feed grain-soybean-silage rotation. It was excluded here 
because a linear combination of the feed grain-soybean and feed grain-
silage rotations accomplishes the same thing. Brokken defined a tame hay 
activity rather than a feed grain-hay activity and some of his results 
had excessive specialization in tame hay production. The feed grain-hay 
activity was added to avoid this difficulty. The feed grain rotation, 
itself, is a composite of com, oats, barley, and grain sorghum. 
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The "rotations" are not rotations in the usual sense of the word. 
They resemble rotations in that they require the production of component 
crops in prescribed proportions. There is no implication, however, that 
producers follow a prescribed succession of crops from one year to the next. 
As used here, the rotation is merely a device for reducing the regional 
specialization of crop production that is characteristic of models with 
single-crop activities (e.g. Brokken's tame hay production). 
Rotation weights for the feed grain, feed grain-silage, and hay-
silage rotations are weighted averages of Brokken's rotation weights with 
cropland acreages as weights. Brokken's rotation weights are based on 
1950-60 average acreages. Rotation weights for the feed grain-soybean 
rotation are weighted averages of Eyvindson's (22)^  rotation weights with 
cropland acreages as weights. Since Brokken's feed grain-soybean rotation 
weights are based on 1950-60 data, they do not include the sharp increases 
in soybean production since 1960. This led to difficulties in the present 
study and Brokken's feed grain-soybean weights were abandoned in favor of 
Eyvindson's. Rotation weights for the feed grain-hay rotation are based 
on actual acreages of feed grain and tame hay in 1959. Rotation weights 
used in this study are reported in Appendix C, Tables 50 to 52. 
If computer capacity is not limited, all potential crop activities 
[10 in this case) can be defined for every producing region. Limited 
computer capacity can be extended if unlikely activities are eliminated. 
For this study, crops that have seldom if ever been produced — e.g. corn 
in producing region 101 (Southern California) — were excluded. The number 
E^yvindson's study is an extension of Brokken's study. It has 
involved the estimation of a large amount of new data. 
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of activities was further restricted by limiting the number of corn-, 
oats-, and barley-producing activities. A total of 120 activities for 
these three commodities, an average of four per commodity per market 
area, was defined. Within a market area, activities were defined in 
those regions with the lowest per-unit production costs. Forty-six corn, 
40 oats, and 34 barley activities were defined. 
After all eliminations, 740 crop-producing activities remained. For 
rotations, an activity was defined wherever there was a rotation weight. 
Wheat and wild hay activities were defined wherever there were yields. 
Regions in which corn, oats and barley activities were defined are indi­
cated in Tables 48 and 49, which report crop yields and costs. 
A wheat-to-feed transfer activity was defined for each of the 10 
market areas. Tliese activities transfer wheat from the market food supply 
to the stock of feed. No charge is made for the transfer but production 
costs and transportation costs, if any, must be covered before wheat can 
be used for feed. 
D. Livestock Data 
Most of the livestock data, like the crop data, were derived from 
Brokken's 1965 data (4). Data for Brokken's 20 livestock producing 
regions were aggregated to the 10 regions defined here. Tlie aggregation 
scheme is the same as that used for crops, equations (3.13) and (3.14), 
with livestock production capacities as weights (w\). Aggregating 
livestock data involves the same kinds of difficulties as aggregating crop 
data. 
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1. Livestock resources 
Four livestock resources were defined: milk-cow capacity, beef-
cow capacity, beef-feeding capacity, and hog-feeding capacity. For a 
given resource, the quantity estimate is the maximum historical number of 
that class of livestock. These resources put some limit, other than land, 
on livestock production. Brokken varied livestock capacities parametric-
ally, to as much as 3 times the maximum historical number, to determine 
the effect on the location of livestock production (4, p. 180). Since 
parametric techniques have not been perfected for quadratic programming, 
such an experiment was not possible in this study. 
Livestock capacities for the 10 livestock-producing regions are 
listed in Appendix D, Table 66. 
2. Livestock activities 
There are at most 11 livestock-producing activities in each 
livestock-producing region: 
Beef-feeding activities 
1. Fluid milk production 1. Eastern deferred 
2. Manufacturing milk production 2. Southern deferred 
3. Beef cow production 3. Extended silage 
4. Hog production 4. CaIves-on-s ilage 
5. Yearling calf production 5. Yearlings on silage 
6. Yearlings no silage 
The fluid milk, manufacturing milk, beef cow, and hog activities are 
defined in all livestock-producing regions; many of the others are not. 
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Tlie Eastern deferred and Southern deferred beef-feeding activities, for 
example, reflect unique regional conditions; both are never defined in 
the same region. In all, 116 livestock-producing activities were defined. 
Input, output, and cost data for these activities are reported in 
Appendix D, Tables 56 to 65. Most of the data are weighted averages of 
Brokken's data with these weights; milk-cow data, milk-cow capacity; 
beef-cow data, beef-cow capacity; hog data, hog-feeding capacity; beef-
feeding data, beef-feeding capacity. Beef-cow capacities were used for 
the yearling feeder activities. 
In addition to the livestock-producing activities, two livestock 
transfer activities were defined in each market area. A calf-slaughter 
activity permits the use of 400-pound feeder calves to satisfy the demand 
for calves. A yearling-slaughter activity permits the use of 700-pound 
yearlings to satisfy the demand for cattle. 
a. MiIk-producing activities The fluid milk activity supplies 
milk and cream for fluid consumption; the manufacturing milk activity 
supplies milk for use in evaporated and condensed milk, cheese, ice 
cream, and butter. Both supply some other commodities as well. Some 
calves are vealed and contribute to the supply of calves (desired 
commodity); some calves are used for replacements; the remainder, after 
death losses, are used as feeder calves. Culled animals contribute to 
the supply of cattle. Input, output, and cost estimates are adjusted for 
death losses and include allowances for replacements and bulls to per­
petuate the activities. Input, output, and cost estimates are the same 
for both mi Ik-producing activities. These data are reported in Table 57 
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of Appendix D. 
b. Beef-cow activity The principal purpose of this activity is 
to supply feeder calves for either the beef-feeding activities or the 
calf-slaughter activity. In addition, culled animals contribute to the 
supply of cattle. Feeder calves are assumed to weigh 400 pounds at 
weaning. Input, output, and cost estimates are adjusted for death losses 
and include allowances for replacements and bulls to perpetuate the 
activity. Data are given in Appendix D, Table 56. 
c. Hog-feeding activity This activity supplies only butcher hogs. 
Input, output, and cost estimates are per 100 pounds of live pork. 
Estimates are adjusted for death losses and include allowances for 
breeding charges and maintenance of sows, boars, and replacements. Data 
are presented in Table 58 of Appendix D. 
d. Yearling feeder activity This activity produces 700-pound 
yearlings from 400-pound feeder calves. A one percent death loss is 
assumed. The yearlings may be used either as inputs in beef-feeding 
activities or for direct slaughter to satisfy the demand for cattle. 
Data are reported in Table 63 of Appendix D. 
e. Beef-feeding activities The beef-feeding activities offer a 
range of alternatives for producing fed beef to satisfy the demand for 
cattle. Factors that vary between activities include (a) ratio of forage 
to grain in the fattening ration, (b) length of the feeding period, and 
(c) feeding calves or yearlings. Except for the "calves, no silage" and 
"short fed yearlings" feeding plans defined by Brokken, beef-feeding 
activities here are the same as for the Brokken study. The "calves, no 
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silage" and "short fed yearlings" activities did not occur in any of 
Brokken's optimal solutions and, for that reason, were not included here. 
The exact nature of the feeding activities is available in the Brokken 
study (4, Tables 9-24, pp. 135-150). Input, output and cost data are 
reported in Tables 59 to 62, 64, and 65 of Appendix D. 
3. Livestook inputs, outputs, and costs 
Brokken defined two feed concentrate requirements for livestock: 
"feed units" and protein (crude). Defining energy requirements in feed 
units led to some unreasonable results in some of Brokken's solutions. 
In an extension of Brokken's study, Eyvindson (22) defines energy 
requirements in terms of total digestible nutrients (TON) instead of feed 
units. Eyvindson's protein requirements are also for crude protein. 
Eyvindson's concentrate requirements were adopted for this study. 
Livestock cost estimates include allowances for only non-feed 
items -- specifically, labor, breeding fees, depreciation and repair on 
buildings and equipment, equipment operating costs (e.g. electricity and 
fuel), veterinary and other medical costs, charges against the value of 
animals (interest, taxes, insurance, and depreciation), supplies,: and 
association feea (e.g., DHIA). Feed, of course, is an intermediate 
commodity produced within the system and made available, at a price 
determined internally, to the livestock-producing activities. 
4. Exogenous feed supplies 
Some feed is available from sources other than the crop activities 
of the model. Fish meal, linseed meal, rice mill-feeds, com gluten 
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meal, wheat bran and middlings, and brewers' byproducts, for example, 
are available from various nonagricultural sources. Brokken grouped 
these feeds into four categories (4, p. 165) : 
— oilmeals other than soybean and cottonseed oilmeals. 
F2 — animal protein feeds, 
Fg — grain proteins, 
F^  — other, including hominy. 
Estimated national supplies and assumed nutrient contents of these feeds 
are given in Table 8. 
Table 8. Exogenous feeds: estimated national supplies and assumed 
nutrient contents 
Exogenous Quantity^  TDN^  Protein^  
feed (1000 tons) (%) (%) 
"l 498 76.9 36.9 
2^ 2,676 70.5 55.0 
3^ 1,898 77.0 28.0 
4^ 11,568 69.1 18.0 
S^ource: Brokken (4, p. 180). 
S^ource: Eyvindson (22). 
Transfer activities permit the transfer of exogenous feeds from national 
to regional supplies, where they can be used by the livestock activities. 
! 
Assumed transfer costs are given in Table 9. 
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Tab Is 9. Transfer costs for moving exogenous feeds to regional feed 
supplies, dollars per 100 pounds* 
Livestock Exogenous feed 
region fl 2^ 3^ F4 
1 4.82 5.12 3.47 3.20 
2 5.05 5.33 3.41 3.19 
3 5.28 5.20 3.48 3.39 
4 5.50 5.50 3.03 2.82 
5 4.72 5.53 3.12 2.98 
6 4.24 5.72 3.16 2.78 
7 4.59 5.50 3.03 2.71 
8 5.20 5.50 3.03 2.60 
9 5.23 5.50 3.03 2.82 
10 5.53 5.50 3.03 3.39 
S^ource: Brokken (4, p. 579). Brokken's costs are in dollars per 
hundredweight of feed units (A). Multiply by feed units per unit of 
feed (B) to get dollars per hundredweight of feed (C): A x B = C. B 
values: 1.65; F^ , 1.00; F^ , 1.45; F^ , 1.25. 
5. Exogenous feed requirements 
There are also exogenous requirements for feed. Several classes of 
livestock are not included in the model: horses and mules, sheep, and 
poultry (chickens, broilers, and turkeys), for example. In addition, 
foreign exports of feed grain and oilmeal were permitted. These require­
ments (exogenous and export) were satisfied by forcing the production of 
feed grains, oilmeals and roughage, plus transfers from national exogenous 
feed supplies, to be at least as large as endogenous use plus exogenous 
requirements. Recall also that some cottonseed oilmeal is produced with 
cotton lint (see sec. C.l, Land Resources). Inequalities (2,33) were 
76 
adjusted for exogenous feed requirements, feed grain and oilmeal exports, 
and cottonseed oilmeal production as indicated in (3.15) and (3.16). 
E - E (s?^  - s^ j) < - (3.15) 
h=l  ^ 1 1 
where 
pk = _ M^ , k = 1, ..., 10 (3.16) 
k k For the kth market, R represents exogenous feed requirements, E^  
represents export requirements of feed grain and oilmeals, and M 
represents the market share of cottonseed oilmeal from domestic cotton 
production. 
The effect of this treatment is that prices charged for exogenous 
requirements are the internal accounting prices charged to livestock 
activities. If feed supply functions are upward sloping, as we expect, 
including exogenous feed requirements will result in higher feed prices 
than if they were not included. Domestic exogenous feed requirements are 
given in Table 10; feed grain and oilmeal exports are given in Table 11. 
E. Transportation Data 
Transportation activities permit intermarket shipments of all 
desired commodities, except calves, and all intermediate commodities, 
cxcept roughage. In effect, even calves can be shipped. Feeder calves 
can be shipped from one market to another and then be converted to calves 
by the calf-slaughter activity. There is no way for roughage to be moved 
from one market area to another, however. This seems consistent with 
i 
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Table 10. Feed requirements for livestock exogenous to the model by 
market area®-
Market 
area 
TON 
(1000 tons) 
Protein 
(1000 tons) 
Roughage 
(1000 tons) 
1 383.01 83.71 144.44 
2 229.19 52.36 329.70 
3 327.81 77.71 2.18 
4 211.53 51.22 140.04 
5 260.28 56.14 550.93 
6 150.40 32.45 184.06 
7 69.25 14.59 512.41 
8 103.27 23.13 546.35 
9 55.70 12.38 961.92 
10 88.40 19.49 193.68 
S^ource: Eyvindson (22). 
reality since roughages, especially silage, are shipped relatively short 
distances. Implicitly, any intraregional movement of commodities is 
possible biit no charge is made for such movements. ' 
Ideally, every conceivable intermarket commodity movement would be 
represented by a transportation activity. Because of the need to 
economize on problem size, many potential routes were excluded. Within 
limits, this probably detracts very little from the results. For example, 
excluding the shipment of wheat from Iowa to Kansas probably affects the 
78 
Table 11. Net commercial exports of feed grains and oilmeals by 
market area, 1963-65 average 
Market Feed grains. million bushels^  Oilmeals , 1000 tons 
area b Com Oats Barley Grain sorghum Soybean Cottonseed 
1 43.19 1.18 5.16 12.82 374.23 4.01 
2 43.36 1.18 5.18 12.88 374.94 4.01 
3 7.03 0.19 0.84 2.09 508.29 5.44 
4 255.44 6.98 30.51 75.85 4,210.40 45.08 
5 67.98 1.86 8.12 20.18 1,286.85 13.78 
6 60.18 1.64 7.19 17.87 405.77 4.35 
7 0.00 0.00 0.00 0.00 0.00 0.00 
8 73.72 2.01 8.81 21.89 8.60 0.09 
9 0.00 0.00 0.00 0.00 0.00 0.00 
10 35.10 0.96 4.19 10.42 0.00 0.00 
U.S. 586.00 16.00 70.00 174.00 7,169.08 76.76 
I^ncludes exports for feed and food uses. Source: (13, Aug. 1967). 
I^ncludes soybean oilmeal and meal equivalent of soybeans. Source: 
(12, June, 1968). 
I^ncludes cottonseed oilmeal and meal equivalent of cottonseed. 
Source: (12, June, 1968). 
results little, if any. In addition to exclusions of this type, any 
transportation activity that was never used in any of Brokken's 26 
solutions for 1965 was excluded. After all such eliminations, 363 
transportation activities, for the 13 desired and intermediate commodities, 
remained. 
Transportation cost is assumed to be a function of distance and the 
mileage rate. For estimating distances, a "central city" was designated 
for each market (Table 12). Distances between central cities are based 
on rail mileage estimated by Eyvindson (22). Except for oils, mileage 
rates are rail mileage-block rates, also estimated by Eyvindson. 
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Table 12. Central cities for estimating transportation costs 
Market area Central city 
1 Boston, Mass. 
2 Richmond, Va. 
3 Atlanta, Ga. 
4 Jackson, Miss. 
5 Burlington, la. 
6 Minneapolis, Minn. 
7 Grand Island, Nebr. 
8 Waco, Tex. 
9 Salt Lake City, Utah 
10 San Francisco, Calif. 
Mileage rates for oil shipments were taken from Thompson (52, Appendix 
Table 6). 
Eyvindson's mileage rates for meat products are for carcass meat. 
These rates were converted to live animal rates in a way that the cost 
per unit of meat is the same in either case. These conversions introduce 
no distortions of reality if most meat is shipped in carcass form. If 
substantial quantities of meat are shipped in the form of live animals, 
estimated rates may underestimate actual rates. 
The transportation activities defined and the associated costs are 
given in Appendix E, Tables 67 to 71. 
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F. Data Preparation 
The quadratic computer program (48) finds variable values that 
optimize 
fCx) = p'x - 1/2 x'Cx (3.17) 
subject to 
Ax < b (3.18) 
X > 0. (3.19) 
It requires an initial simplex tableau of the form: 
n m 1 
n 
m 
-C -A' -p 
A 0 b 
(3.20) 
where n is the number of primal variables and m is the number of primal 
constraints. The program, itself, generates -A' from A. If the sense 
of the inequalities is reversed in (2.33) and (2.34), A is the matrix 
portion of (2.40) with m = n = 1742. The "dual" nature of the data input 
poses obstacles to formulating disaggregative models of meaningful size, 
since the computer program requires m + n à 3550. For this reason, 
several shortcuts were necessary. 
Some shortcuts have been mentioned, including: reductions in the 
number of market areas and producing regions; reductions in the number of 
activities, especially crop-producing and transportation activities; and 
the treatment of exogenous feed requirements. Two other shortcuts 
deserve mention; treatment of feed grains and oilmeals and the use of 
slack vectors in the programming model. 
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1. Feed grains and oilmeals 
As noted, livestock concentrate requirements are in terms of TON 
and protein. These nutrients are supplied by the intermediate commodities, 
feed grains and oilmeals. Ordinarily, two sets of accounting rows, one 
for feed grains and oilmeals and another for TON and protein, would be 
defined. Transfer activities would convert feed grains and oilmeals 
into their nutrient components, TON and protein. In this study, however, 
accounting rows were defined for only TON and protein. Feed grain and 
oilineal production contribute directly to the supplies of TON and protein. 
Requirements for livestock activities and exogenous feed are drawn 
directly from these supplies. 
TBN and protein cannot be obtained as pure products, of course. To 
illustrate the difficulty that can arise, consider the intermarket shipment 
of feed grains. TON and protein are drawn, in fixed proportions, from 
the market supply in the exporting market and contribute, in the same 
fixed proportions, to the supply in the importing market. There is 
nothing to guarantee that TDN produced in feed grain will not be shipped 
as oilmeal and vice versa. There is no evidence that this treatment 
introduces distortion^  but the more complete formulation is preferable. 
2. Slack vectors 
The computer program requires that slack vectors for "greater-than'-
rows be explicit input (slacks for less-than rows are generated by the 
program). Initially, the accounting rows for TDN, protein and roughage 
(2.33), and all 100 demand rows (2.34) — 130 rows in all — were greater-
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than rows. Except, for vegetable oils, all demand rows were reformulated 
as equalities — supply = demand rather than supply z demand. Including 
the 40 slack vectors (10 each for oils, TON, protein and roughage), 
n = 1782 in (3.20) and m + n = 3524. 
Inequality rows cannot be arbitrarily reformulated as equalities 
without sometimes causing difficulties. That either Ax 3 b or Ax & b has 
a solution does not imply that Ax = b has one. In a model like the one 
used here, however, there is no economic incentive to operate what Koopmans 
calls an "unprofitable process" (35, p. 86). That is, there is no incen­
tive to produce unless the value of output from an activity is at least as 
great as the activity cost. If all production were by single-product 
activities, production would never exceed demand if additional production 
costs anything at all. In the case of joint production, however, it may 
be necessary to produce an excess of some commodity in order to satisfy 
the demand for another, jointly-produced, commodity. In that case, the 
imputed price of the commodity in excess supply will be zero. On the 
assumption that there was sufficient single-product production that 
desired commodities would not be produced in excess supply, 90 of the 
demand rows were formulated as equalities. Since, in the solution, no 
desired commodity price is zero, the assumption was valid. Had zero 
prices occurred, the associated demand rows would have had to be 
reformulated as inequalities, their original form. 
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IV. RESULTS 
Results from an application of Problem V (Chap. II, Sec. E) will 
be summarized in this chapter. Comparisons will be made between these 
results, actual 1965 results, and results from Brokken's solution 1 
(4, 5).^  National results and results by market area will be emphasized 
within the chapter; supplementary results, including some market area 
results and results by producing regions, are tabulated in Appendix A. 
A. Prices and Quantities 
National average prices received by farmers for desired commodities 
and the associated quantities demanded are summarized in Table 13. 
Although they are not strictly comparable with estimated and actual 
2 
results, prices and quantities for Solution 1 are included. Brokken's 
quantities are his estimates of 1965 demands; the national price 
estimates, however, are weighted averages of the shadow prices from 
Solution 1 with quantities demanded as weights. The national fluid milk 
price, for example, is the weighted average of shadow prices for Brokken's 
20 demand regions. Quantities demanded were used as weights because, 
except for wheat, production (as opposed to acreage or number of head), 
by market area, are not readily available. Brokken's beef products also 
T 
Brokken obtained 57 different solutions — 26 for 1965 data, 26 for 
EM (efficient management) data, and five for 1954 data. Each solution 
represents a different combination of demand and livestock capacity. The 
index of demand (1^ ) varies from 1.0 to 1.22; the index of livestock 
capacity (I^ ) varies from 1.0 to 3.0. For solution 1, 1^  = 1^  = 1.00, 
the same as for this study. 
2 In the remainder of this chapter, Brokken's solution 1 will be 
called, simply, "Solution 1." 
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Table 13. Desired commodities: national average prices received by-
farmers and quantities demanded®-
Product 
Estimated Actual 1965 Brokken solution 1 
Price^  Quantity Price Quantity Price^  Quantity 
mil. mil. mil. 
$/cwt. cwt. $/cwt. cwt. $/cwt. cwt. 
Cattle 13.11 215.16 19.90^  323.16® 17.90 201.19^  
Calves 14.53 11.87 22.10* 16.87® 17.76 122.678 
Hogs 11.28 199.95 20.60* 180.42® 12.45 160.90 
F. Milk 3.09 620.38 4.634 849.99 3.02 742.83 
M. milk 2.92 754.54 3.34^  371.13. 2.94. 673.21. 
Oils 6.48 58.49 12.00" 103.35^  __ J __ J 
mil. mil. mil. 
$/bu. bu. $/bu. bu. $/bu. bu. 
Wheat 0.65 807.60 1.35k 796.50^  0.75. 1002.35. 
Com 0.58 338.40 1.16 332.00™ ?. 
Oats 0.34 46.19 0.62 47.00" 
Barley 0.59 104.92 1.02 104.35° J __ ] 
D^omestic demand plus commercial exports. 
W^td. avg. of market area prices with production as weights. 
%td. avg. of demand region shadow prices with quantities demanded 
as weights, except for wheat. For wheat, production is the weight. 
Source: (4, pp. 721-723). 
S^ource: (50). 
C^ommercial slaughter. Source: (16, Aug. 1966). 
B^eef grade - 1. 
%eef grade - 2 . 
^^ 69% of milk marketed by farmers plus milk consumed on farms as 
fluid milk and cream. Source: (9, May 1967). 
Domestic disappearance and exports of SBO and CSO plus oil equiv. 
of soybeans and cottonseed exports. Price is wtd. avg. of SBO and CSO 
prices. Source; (12, Sept. 1967). 
N^ot available. 
'^ Participants in govt, wheat program received an additional $0.44 
in the form of wheat certificate paymts. Source: (19, Aug. 1967). 
! 1 
Food and industrial uses. Source: (19, Alig. 1967) . 
""Breakfast foods, cornmeal and grits, and wet-process products. 
Source: (14). 
"Domestic use for food. Source: (14). 
°Barley cquiv. use of malt food and malt for alcohol and alcohol 
beverages. Source: (14) . 
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differ from estimated and actual products. His products are beef grade -
1 (grain-fattened beef) and beef grade - 2 (nongrain-fattened beef) . 
Estimated and actual products are calves and other beef (cattle). 
Finally, Brokken's study does not include vegetable oil and it incorporates, 
in exogenous feed grain demand, the demand for food grains (com, oats, and 
barley). 
Estimated national prices are substantially lower than actual 
prices. Not all estimated quantities are greater than actual quantities, 
however. For hogs, manufacturing milk, wheat, com, and barley, estimated 
quantities exceed actual quantities. But, for cattle, calves, fluid milk 
and oats, actual quantities exceed estimated quantities; except for oats, 
the differences are substantial. Except for the prices of cattle and 
calves, prices in Solution 1 are similar to estimated prices; all 
Solution 1 prices are less than actual prices. The quantities of 
manufacturing milk and wheat in Solution 1 exceed actual quantities, but 
the quantities of pork and fluid milk are less than actual quantities. 
If the quantities of cattle and calves (and of fluid milk and 
manufacturing milk) are summed, a slightly different perspective is 
gained. Both estimated and Solution 1 results underestimate total beef 
Estimated Actual Brokken 
Total beef 227.03 340.03 323.86 
(mil. cwt.) 
Total milk 1,374.92 1,221.12 1,416.04 
(rail, cwt.) 
demand, the estimated results by roughly one-third. Both exceed total 
milk demand, however, the estimated results by about 12.5 percent and 
86 
Brokken's results by about 16.0 percent. Given the low prices, we would 
expect both estimated and Brokken quantities to exceed actual quantities, 
for all commodities. 
For the estimated results, a "balance sheet" for desired commodities 
is given in Table 14. Prices of all commodities in every market area are 
positive and, except for minor rounding errors, demand equals supply in 
every case. That is, the solution represents an equilibrium at very low 
prices. That estimated quantities are less than actual quantities (for 
some commodities) can only mean that, at low prices, the demand functions 
underestimate demand. 
Estimated prices received by farmers for intermediate commodities 
are given in Table 15. One unusual outcome, in some cases, is that the 
price of feed grain exceeds the price of oilmeals. This results from the 
peculiar formulation of the problem. As noted in Chapter III, Section F, 
feed requirements are in terms of TON and protein rather than feed grains 
and oilmeal. In effect, feed grains and oilmeal are composite products 
whose prices have two components, TON value and protein value. Moreover, 
the exogenous feeds are high protein feeds. These factors, coupled with 
the low demand for cattle and calves, lead to a generally low (in some 
areas, zero) protein price. Consequently, the price of oilmeal is 
generally low, sometimes lower than the price of feed grain. The price 
of roughage varies from $8.93 in area 7 (N. Plains) to $22.14 in area 10 
(Pacific States). Since interregional roughage shipments are not per­
mitted, each area must be self-sufficient in roughage. Otherwise, the 
price range might be smaller. 
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Table 14. Desired commodities: demand and supply characteristics 
Commodity 
Beef 
(cwt.) 
Market  ^ c c d 
area Price^  Demand Production Imports Exports Supply 
Calves 
(cwt.) 
Hogs 
(cwt.) 
F. milk 
(cwt.) 
$/imit m-i Tin 4 4" c 
1 14.32 57.192 4.377 52.815 M — 57.192 
2 13.73 20.215 20.215 —  —  — — 20.215 
3 13.39 18.185 30.497 —  —  12.312 18.185 
4 13.25 8.785 25.578 6.471 23.264 8.785 
5 13.31 36.971 34.697 2.273 —  —  36.970 
6 13.35 17.888 14.855 17.447 14.415 17.887 
7 12.80 5.736 25.457 —  —  19.720 5.737 
8 12.62 14.916 21.386 —  —  6.471 14.916 
9 12.40 8.863 33.127 —  —  24.265 8.862 
10 13.30 26.404 4.963 21.441 — — 26.404 
U.S. 13.11 215.155 215.153 — 215.153 
1 14.42 3.281 3.281 3.281 
2 15.31 1.090 1.090 —  —  —  —  1.090 
3 15.20 .971 .971 — —  —  —  .971 
4 14.73 .475 .475 — —  —  —  .475 
5 14.86 1.990 1.990 — —  —  —  1.990 
6 14.25 .989 .989 — —  —  —  .989 
7 15.05 .300 .300 —  —  —  —  .300 
8 13.96 .813 .813 —  —  —  —  .813 
9 13.92 .480 .480 — —  —  —  .480 
10 13.88 1.478 1.478 — —  —  —  1.478 
U.S. 14.53 11.867 11.867 — 
— 
11.867 
1 12.72 53.798 53.798 53.798 
2 12.45 18.751 15.275 3.477 —  —  18.752 
3 12.01 16.887 10.155 6.732 — — 16.887 
4 11.97 8.129 6.000 2.129 - - 8.129 
5 10.97 35.230 109.820 —  —  74.590 35.230 
6 10.87 17.126 23.218 —  —  6.092 17.126 
7 11.31 5.326 25.076 —  —  19,751 5.325 
8 12.15 13.463 3.872 9.591 —  — •  13.463 
9 12.55 7.853 3.606 4.248 —  —  7.854 
10 13.42 23.383 2.925 20.458 —  —  23.383 
U.S. 11.28 199.946 199.947 199.947 
1 3.11 168.880 168.880 168.880 
2 3.42 58.015 58.015 —  —  —  —  58.015, 
3 3.07 52.255 52.255 —  —  —  —  52.255 
4 3.68 24.728 —  —  24.728 —  —  24.728 
5 2.90 106.827 106.827 —  —  —  —  106.827 
0 2.86 51.872 51.872 —  —  —  —  51.872 
7 3.35 16.114 16.114 — —  —  —  16.114 
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Table 14. (Continued) 
Commodity Market , c d 
area Price^  Demand Production Imports^  Exports Supply 
$/unit million units 
8 3.06 42.002 66.730 —t mm 24.728 42.002 
9 3.06 24.775 24.775 — — — — 24.775 
10 3.18 74.911 74.911 — — — — 74.911 
U.S. 3.09 620.379 620.379 620.379 
1 3.11 186.379 2.874 183.506 186.380 
2 3.09 65.604 — — 65.604 — — 65.604 
3 3.07 58.334 15.341 42.993 — — 58.334 
4 3.07 45.406 — — 45.406 — — 45.406 
5 2.90 127.718 144.691 — — 16.974 127.717 
6 2.86 80.208 446.381 — — 366.173 80.208 
7 2.98 18.928 — — 18.928 — — 18.928 
8 3.06 47.053 47.053 — — — — 47.053 
9 3.06 27.772 27.772 — — 27.772 
10 3.18 97.134 70.424 26.710 — — 97.134 
U.S. 2.92 754.536 754.536 — — — — 754.534 
Oils 
(cwt.) 
Wheat 
(bu.) 
1 7.58 14.902 — — 14.902 — 14.902 
2 7.55 5.209 .065 5.143 — 5.208 
3 7.28 4.934 — — 4.934 — 4.934 
4 6.93 2.729 3.623 — — .894 2.729 
5 6.40 11.822 47.620 — — 35 .798 11.822 
6 6.90 5.198 4.542 .656 - - 5.198 
7 6.64 1.728 2.635 — — .908 1.727 
8 7.38 3.845 — — 3.845 - - 3.845 
9 7.61 2.155 — — 2.155 — 2.155 
10 7.79 5.965 — — 5.965 — 5.965 
U.S. 6.48 58.487 58.485 — — 58.488 
1 0.92 161.081 161.081 161.081 
2 0.90 56.435 — — 56.435 — 56.435 
3 0.87 44.822 — — 44.822 — 44.822 
4 0.97 88.859 — — 88.858 — 88.859 
5 0.86 95.440 — — 95.440 — 95.440 
6 0.87 52.698 — — 52.698 — 52.698 
7 0.57 13.625 453.325 — — 439 .699 13.626 
8 0.77 145.298 219.957 — — 47 .756 145.301 
9 0.55 20.795 215.734 — — 11 .879 20.795 
10 0.87 128.547 150.517 — — — 128.547 
U.S. 0.65 807.600 1,039.533 - - 807.604 
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Table 14. (Continued) 
Commodity Market , c d 
area Price^  Demand Production Imports Exports'^  Supply 
$/unit million units --  — —  —  "  •  -
Com 1 0.72 91.846 91.846 s m» 91.846 
(bu.) 2 0.78 31.671 — — 31.671 - - 31.671 
3 0.65 28.450 — — 28.450 - - 28.450 
4 0.66 13.703 — —• 13.703 13.703 
5 0.48 58.429 72.132 — — 13 .703 58.429 
6 • 0.61 28.086 28.086 — — 28.086 
7 0.44 8.941 69.062 — —• 60 .121 8.941 
8 0.86 22.472 22.472 — — — 22.472 
9 0.57 13.509 13.509 — — - - 13.509 
10 0.53 41.297 41.297 — — — 41.297 
U.S. 0.58 338.404 338.404 - - 338.404 
Oats 1 0.51 12.567 mm mm 12.567 12.567 
(bu.) 2 0.50 4.357 4.357 —  4.357 
3 0.45 3.888 — — 3.888 — 3.888 
4 0.49 1.870 — — 1.870 — 1.870 
5 0.38 7.918 9.788 — — 1 .870 7.918 
6 0.45 3.838 — — 3.838 — 3.838 
7 0.31 1.210 31.435 — — 30 .225 1.210 
8 0.55 3.120 3.120 mm — • — 3.120 
9 0.41 1.842 1.842 — — — 1.842 
10 0.65 5.575 5.575 — 5.575 
U.S. 0.34 46.185 46.185 - - 46.185 
Barley 1 0.58 28.672 28.672 — 28.672 
(bu.) 2 0.67 9.840 9.840 — 9.840 
3 0.63 8.819 — — 8.819 — 8.819 
4 0.70 4.214 — — 4.214 — 4.214 
5 0.58 18.041 18.041 — — — 18.041 
6 0.55 8.785 8.785 — — — 8.785 
7 0.39 2.812 15.845 — — 13 .033 2.812 
8 0.60 7.108 7.108 — — - - 7.108 
9 0.53 4.228 4.228 — — — 4.228 
10 0.83 12.401 12.401 — — - - 12.401 
U.S. 0.59 104.920 104.920 — 104.920 
U^.S. prices are weighted averages of market area prices with production 
as weights. 
D^omestic use plus commercial exports. 
Between market areas. Does not include foreign trade. 
P^roduction plus imports minus exports (minus wheat used for feed in 
the case of wheat). 
®Wheat production includes the following amounts of wheat used for feed, 
by market area in mil. bu.: 8, 26.90; 9, 183.06; 10, 21.97; U.S., 231.93. 
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Table 15. Estimated prices received by farmers for intermediate 
commodities 
Market Feed Feeder •L 
area grain Oilmeal Roughage calves^  Yearlings 
($/ton) ($/ton) ($/ton) C$/head) ($/head) 
1 27.70 28.11 13.15 57.67 101.24 
2 28.65 28.09 12.13 61.24 96.14 
3 26.11 25.70 13.97 60.80 93.75 
4 25.11 25.52 11.75 58.93 92.73 
5 18.83 19.53 9.39 59.46 93.18 
6 23.83 27.38 9.56 57.02 93.48 
7 17.74 18.46 8.93 60.19 89.57 
8 25.47 27.43 12.35 . 55.83 88.37 
9 17.35 17.71 12.32 55.67 87.13 
10 27.46 28.32 22.14 55.51 93.10 
*400 lb. calf. 
7^00 lb. yearling. 
B. Livestock Numbers and Production 
Livestock numbers and production — estimated, actual, and Solution 
1 -- will be summarized in this section. With some exceptions, projections 
of total livestock numbers, if based solely on the results in Table 13, 
would be reasonably accurate. Table 13, of course, provides no information 
on the distribution of production. 
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1. Beef 
Beef cow numbers are given in Table 16 and fed cattle numbers in 
Table 17. Since the estimated demand for beef (cattle and calves) is 
low, the numbers of beef cows and fed cattle are correspondingly low. 
Estimated beef cow numbers, for example, are roughly two-thirds of either 
the actual numbers or Brokken's estimates. Estimated beef demand is also 
roughly two-thirds of the actual quantity (see Sec. A). 
Table 16. Beef cow numbers 
Market Actual^  Brokken^  
area Estimated 1965 solution 1 
(1000 head) (1000 head) (1000 head) 
1 232.0 
2 2,436.0 2,569.6* 
3 2,588.3* 2,449.0 2,588.3* 
4 2,778.6* 2,567.0 2,778.6* 
5 
— 
4,218.0 3,967.6 
6 801.0 101.0 
7 6,281.0* 6,060.0 6,281.0* 
8 7,709.9* 7,031.0 7,709.9* 
9 3,858.5 5,007.0 5,418.6* 
10 
- -
1,995.0 838.8 
U.S. 23,216.3 32,796.0 32,253.4 
O^ther cows, 2 years and over, on farms Jan. 1, 1965. Source: 
(16, Sept. 1965). 
S^ource: (4, p. 700). 
*Exhausts beef-cow capacity. 
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Estimated fed cattle numbers are roughly one-half the actual 
numbers. Solution 1 estimates, by contrast, are nearly twice the actual 
numbers. In Brokken's formulation, fed cattle are the only source of 
beef grade - 1 (grain-fattened beef) . It may be that beef grade - 1 
makes up a larger share of total beef demand than is actually the case. 
Table 17. Fed cattle numbers 
Market Actual^  Brokken^  
area Estimated 1965 solution 1 
(1000 head) (1000 head) (1000 head) 
1 • 113.0 201.3* 
2 110.0* 158.0 121.0* 
3 230.0* 225.0 253.0* 
4 — 51.0 108.9* 
5 2,559.5 3,568.0 6,562.6* 
6 
— 821.0 1,305.7* 
7 — 1,936.0 3,999.6* 
8 — 603.0 1,413.5* 
9 2,610.0* 1,357.0 2,568.8 
10 1,147.0 2,838.2 
U.S. 5,509.5 9,979.0 19,372.6 
C^attle and calves on feed Jan. 1, 1965. Source: (16, June 1967). 
S^ource: (4, p. 698). 
*Exhausts fed-cattle capacity. Brokken capacity = 1.1 x fed-cattle 
capacity (because of difficulty reaching a solution for Solution 1). 
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Estimated fed cattle numbers are about equally distributed among 
deferred activities and the calves-on-silage activities (Table 18) . 
Given the small number of fed cattle, however, this may not be a reliable 
guide to feeding activities. 
Table 18. Beef feeding activities 
Market Eastern Southern Calves on 
area deferred deferred silage Total 
(1000 head) (1000 head) (1000 head) (1000 head) 
1 
2 110.0 — — 110.0 
3 230.0 230.0 
4 — 
- -
5 2,559.5 — 2,559.5 
6 — 
7 — 
8 — 
9 — 2,610.0 2,610.0 
10 — - -
U.S. 2,559.5 340.0 2,610.0 5,509.5 
Table 19 contrasts estimated use with Solution 1 use of yearlings 
and calves. In this study, feeder calves can be slaughtered for calf 
beef, yearlings can be slaughtered to supply cattle, and they are. In 
effect, yearlings are perfect substitutes for fed cattle and, evidently. 
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yearlings are the cheaper source of beef (cattle). One wonders why 
yearlings did not completely replace fed cattle. The reason seems to lie 
in the finished weights: yearlings weigh 700 lbs. at slaughter and fed 
cattle weigh 1000 lbs. or more. To completely replace fed cattle with 
yearlings would require additional beef cows, and that, apparently, would 
increase costs. 
Table 19. Calf and yearling activities 
Estimated. Brokken solution 1^  
Market 
area 
Yearling 
calves 
Yearling^  
slaughter 
Calf 
slaughter 
Yearling 
calves 
Yearling 
slaughter 
(1000 head)(1000 head) (1000 head) (1000 head) (1000 head] 
1 730.4 695.3 688.4 
2 39.3 2,475.3 226.7 859.1 1,826.1 
3 3,296.9 3,263.9 193.6 1,196.6 1,212.3 
4 3,275.1 3,242.3 118.8 1,622.6 1,606.4 
5 — - 362.5 — — 
6 — — - - 17.2 
7 4,783.8 2,299.5 65.0 1,135.0 
8 1,181.3 1,169.4 128.2 --
9 
— — 
95.9 
1 
2,858.0 1,793.0 
10 165.9 164.3 312.0 540.3 
U.S. 12,742.3 12,614.7 2,250.3 8,906.9 7,126.1 
*There is no calf slaughter in Solution 1. 
S^ince no feeding activity in the solution requires yearlings, all 
yearlings are slaughter. A 1% death loss accounts for the difference between 
the number of yearling calves and the number of yearlings slaughtered. 
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In Solution 1, relatively few yearlings (compared with the 
estimated results] and no calves are slaughtered. In Brokken's formula­
tion, both yearlings and calves supply beef grade-2 (nongrain-fattened 
beef), and yearlings evidently supply it at lower cost. 
The distribution of both beef cows and fed cattle offers some 
contrasts (Tables 16 and 17). In the estimated results, beef cows are 
concentrated in the south and east (areas 3 and 4) and in the plains and 
mountain states (areas 7, 8, and 9); several areas have none. The actual 
distribution is more diverse: the com belt, in particular, has a large 
number. Tlie distribution in Solution 1 resembles the actual distribution. 
Most of the estimated fed cattle are in the Com Belt (area 5) and 
the Mountain States (area 9) (Table 17). In the actual distribution, both 
of these areas have large numbers and, in addition, the Northern Plains 
(area 7) and Pacific States (area 10) have large numbers. Again, the 
Solution 1 distribution resembles the actual more than the estimated one. 
2. Milk 
As shown in Section A, the range in quantities of total milk in the 
three solutions is much smaller than the range in quantities of total beef. 
The range in milk cow numbers is correspondingly small (Table 20). 
Estimated and Solution 1 quantities of milk exceed actual quantities, but 
milk cow numbers are smaller than actual numbers. That is, average 
production per cow in the estimated and Solution 1 results are greater 
than actual average production. It is possible, of course, that the data 
overestimate average production. Programming models, however, choose the 
lowest cost sources and, insofar as possible, concentrate production there. 
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The results reflect that, in Brokken's data, low average cost is 
associated with high average production. 
In the estimated results, milk-cow capacity is exhausted in the 
Southeast and in the Lake States (areas 3 and 6); the Northeast, the Com 
Belt, the Southern Plains and the Pacific States (areas, 1, 5, 8 and 10) 
also have sizeable numbers of milk cows. Estimated milk cow numbers in 
the Northeast are smaller than either the actual number of the Solution 
1 estimate. 
Table 20. Milk cow numbers 
Market Estimated Actual^  Brokken^  
area F. milk M. mi Ik Total 1965 solution 1 
(1000 head) (1000 head) (1000 head) (1000 head) (1000 head) 
1 1,941.2 33.0 1,974.2 3,193.0 2,886.8 
2 989.5 — 989.5 1,701.0 475.9 
3 965.5 283.5 1,249.0* 699.0 734.3 
4 
— 
736.0 467.9 
5 1,332.2 1,804.4 3,136.6 3,015.0 3,210.9 
6 573.4 4,934.6 5,508.0* 4,458.0 5,508.0* 
7 239.4 
— 
239.4 1,130.0 377.3 
8 1,047.9 738.9 1,786.8 735.0 1,462.2 
9 301.0 337.4 638.4 639.0 801.0 
10 746.5 701.8 1,448.3 1,269.0 1,138.1 
U.S. 8,136.6 8,833.5 16,970.2 17,575.0 17,062.4 
C^ows, 2-years old and over, kept for milk, on farms Jan. 1, 1965. 
Source; (16, Sept. 1965). 
S^ource: (4, p. 700). 
*Exhausts milk-cow capacity. 
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3. Pork 
Table 21 summarizes pork production — total amounts and the area 
distribution. Estimated total pork production, in contrast to estimated 
beef production, exceeds both actual and Solution 1 production. 
Table 21. Hog production^  
Market 
area Estimated 
Actual^  
1965 
Brokken^  
solution 1 
(1000 cwt.) (1000 cwt.) (1000 cwt.) 
1 2,675.9 
2 15,274.8* 12,434.2 
3 10,155.2* 7,409.3 
4 6,000.1* 2,271.6 6,000.1* 
5 109,819.5* 107,146.8 109,819.5* 
6 23,218.1 20,023.7 9,250.8 
7 25,076.3* 22,187.8 25,076.3* 
8 3,871.8 3,114.3 7,877.7* 
9 3,605.6* 1,942.4 2,876.3 
10 2,924.8* 1,209.1 — — 
U.S. 199,946.2 180,415.1 160,900.7 
L^iveweight. 
l^log production with adjustments for inshipments and changes in 
inventory. Source: (16, June 1967). 
S^ource: (4, p. 700). 
*Hxhausts hog-feeding capacity. 
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The estimated area distribution of production is strongly restrained 
by hog-feeding capacity: capacity is exhausted in 7 of 10 areas. In 
Solution 1, capacity is exhausted in only four areas. In all three 
cases — estimated, actual and Solution 1 — more than 50 percent of the 
hog production is in the Com Belt (area 5). Of course, more than half of 
the capacity is in the Com Belt (109.820 mil. cwt. of a total 212.337 
mil. cwt.). 
4. Idle livestock resources 
Total idle livestock resources — estimated and Solution 1 -- are 
given in Table 22. Idle livestock resources by market area are given in 
Appendix A, Table 31. Because of the small number of beef cows, estimated 
idle capacity for beef cows is large; Solution 1 idle capacity is much 
smaller, of course. Similarly, idle fed cattle capacity is large for the 
estimated results and small in Solution 1. 
Estimated rents for livestock resources are given in Table 32 of 
Appendix A. The highest rent ($24 per head) is for milk-cow capacity in 
the Lake States (area 6). Other rents are much smaller, however, and many 
are zero. Rent is zero for any resource not used to capacity. 
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Table 22. Idle livestqck resources* 
Resource Estimated Brokken solution 1^  
(1000 units) (1000 units) 
Beef cow capacity 
(head) 
11,650.4 2,613.3 
Fed cattle capacity 
(head) 
12,497.5 435.1 
Milk cow capacity 
(head) 
11,038.9 10,946.7 
Hog feeding capacity 
(cwt.) 
12,391.2 51,436.6 
*U.S. totals. 
S^ource: (4, p. 702). 
5. Exogenous feed use 
Exogenous feed use, estimated and Solution 1, is summarized in Table 
23. Both solutions use all available exogenous feed. In the estimated 
results, exogenous feeds are used most heavily in areas 1 and 10, areas 
with large populations and relatively low feed grain production. The 
pattern in Solution 1 is similar, but not so pronounced. 
area 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
U.S. 
Use of exogenous feeds 
Estimated Brokken solution 1 
Feed 1 Feed 2 Feed 3 Feed 4 Feed 1 Feed 2 Feed 3 Feed 4 
(thousand tons) 
498.0 2,199.8 2,492.9 
8,776.1 
(thousand tons) 
1,613.8 
361.5 
794.2 
317.8 
158.4 
498.0 2,676.0 
1,898.0 298.9 
1,898.0 11,568.0 
39.4 
213.3 
298.0 
498.0 106.3 
43.7 
498.0 2,676.0 
3,709.4 
1,992.4 
4,598.7 
473.4 
1,898.0 -— 
1,898.0 11,568.0 
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C. Crop Acreages and Production 
Crop production -- estimated. Solution 1, and actual — by market 
area, will be summarized in this section. Production area detail, for 
the estimated results, appears in Appendix A. 
1. National production 
National crop acreages and idle cropland are summarized in Table 
24. (Crop acreages, crop production, and idle land by producing region 
are given in Appendix A, Tables 33, 34, and 36, respectively; land rents 
by production region are given in Table 37.) Estimated national acreages 
underestimate actual acreages of all cropland crops and Solution 1 
acreages underestimate actual acreages of all cropland crops except 
wheat, which exceeds actual acreage by 10 percent. These results are 
consistent with the livestock results described in the preceding section. 
Brokken's wheat demand (see Table 13) exceeds both estimated demand 
and actual food use, and his production includes roughly 510 million 
bushels for feed use. Estimated wheat for feed use is about 232 million 
bushels (Table 14); actual wheat for feed use in 1965 was about 143 
million bushels (19, Aug. 1967). 
Estimated feed grain acreage is about two-thirds of the actual 
acreage, not a surprising outcome, given the small number of beef cows 
and fed cattle. Feed grain acreage in Solution 1 is even smaller than 
the estimated acreage, although there are one and one-half times as many 
beef cows and four times as many fed cattle (see Tables 16 and 17). 
Solution 1 produces a large acreage of wheat for feed use but not enough. 
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Table 24. National crop acreages and idle cropland 
Actual* Brokken 
Estimated 1965 solution 1 
(mil. acres) (mil. acres) (mil . acres) 
Wheat 38. ,094^  49.560^  54 .203^  
Feed grain 62. 742^  95.984® 55 .725 
Soybeans 18. 196 34.449^  11 .280 
Silage 5. 037 9.230® 7 .452 
Cropland crops 124. 069 189.223 128 .660 
Idle cropland 105. 897 24.243^  67 .280^  
Tame hay 40. 498 57.497] 33 .700 
Wild hay 12. 193 10.087^  4 .085 
harvested acreages. 
F^ood plus feed use. 
A^ll wheat. 
'^ Feed grains plus com, oats, and barley for food use. 
®Acreages of com, oats, barley, and grain sorghum. 
£ Soybeans for beans. 
®Corn and sorghum silage. 
I^dle cropland plus crop failure. Source: (57). 
33.853 mil. acres of cropland is converted to hay or pasture use. 
A^ll hay less wild hay. Source: (51). 
W^ild hay. Source: (51). 
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by itself, to offset the low feed grain acreage. Brokken apparently 
underestimated 1965 export demand for feed and that, coupled with the 
high wheat-for-feed acreage, explains the low feed grain acreage in 
Solution 1. The amount of exogenous feed available unquestionably affects 
the amount of feed produced in the estimated results and in Solution 1. 
What is the reverse relationship? Specifically, is there enough feed 
grain production in the estimated results and in Solution 1 to produce, as 
byproducts, the assumed quantities of exogenous feeds? That question 
should be examined if this study is extended. 
As with feed grains, estimated soybean acreage is less than actual 
acreage and the Solution 1 acreage is less than the estimated acreage. In 
this study, soybeans are a source of vegetable oil and oilmeal. The demand 
for oil is low (see Table 13) and, because of the small number of fed 
cattle, protein use is also low. Exogenous feeds are an important source 
of protein and that decreases potential oilmeal use. If, in the estimated 
results, actual oil demand (103.35 mil. cwt.) were satisfied, and if the 
average yield (3.2 cwt. per acre) were maintained, roughly 32.3 million 
acres of soybeans would be required. If actual beef demand were also 
satisfied, the estimated soybean acreage would undoubtedly exceed the 
actual acreage (34.45 mil. ac.). In Brokken's formulation, soybeans are 
only a source of protein (oilmeal) and, thus, in effect, are substitutes 
for exogenous feeds. It would require a very large increase, indeed, in 
oilmeal use to raise the acreage of soybeans in Solution 1 to the actual 
level. 
Acreages and production of roughage (silage, tame hay, wild hay) are 
as follows: 
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Estimated Actual 1965' Brokken 
Roughage acreage 57.728 
(mil. acres) 
Roughage production^  120.056 
(mil. tons) 
76.814 
160.306 
45.237 
105.082 
As with feed grains and soybeans, estimated acreage (and production) is 
less than actual acreage and Solution 1 acreage is less than estimated 
acreage. Except for the small number of beef cows and fed cattle, 
estimated production would be much closer to actual production. 
2. Distribution of crop production 
Crop acreages for selected crops and idle cropland are given, by 
market area, in Table 25. (For all crops, acreages and production by 
producing region appear in Appendix A, Tables 33 and 34.) In the 
estimated results, no wheat is produced in the eastern half of the U.S. 
For all three sets of results, most of the wheat acreage is in the western 
half of the U.S., areas 7 through 10. Actual results and Solution 1 
include, in addition, a large acreage in the Com Belt (area 5) . 
Feed grain production, estimated and Solution 1, is concentrated in 
the Com Belt, the Lake States, the Northern Plains and the Southern 
Plains (areas 5-8) and there is a sizeable acreage in the Northeast 
(area 1). Actual feed grain production is somewhat more dispersed, as 
would be expected because of the larger acreage. 
A^ll hay plus com and sorghum silage. Source: (51). 
T^ame hay plus wild hay plus hay equivalent of silage. 
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In all three sets of results, soybean production is concentrated in 
the Com Belt (area 5) with substantial additional acreage in the Delta 
and Lake States (areas 4 and 6). 
Estimated idle cropland, as shown by both Table 25 and Fig. 15, 
falls most heavily in the Com Belt and the Northern Plains (areas 5 and 
7). Large additional amounts are in the Appalachian area, the Southeast, 
the Delta, the Lake States and the Mountain States (areas 2, 3, 4, 6, and 
9). Near large population centers (areas 1 and 10) or areas with large 
exports (area 8) the proportion of cropland idle tends to be lower than 
in other areas. Idle cropland, hayland, wild-hayland, and pasture are 
given by market area, in Appendix A, Table 35; idle cropland and land 
rents are given, by producing region, in Tables 36 and 37. 
D. Intermarket Commodity Shipments 
Estimated intermarket shipments of desired commodities are given in 
Tables 26 to 28; shipments of intermediate commodities are given in 
Tables 29 and 30. For desired commodities. Table 14 (see Sec. A) 
supplements the information here; total exports (imports) per market area, 
regardless of destination (origin), are given there. 
By criteria explained in Chapter III, Section E, several potential 
shipping routes were eliminated ahead of time; the shipment of calves 
(desired commodity) was eliminated altogether. Even so, the number and 
volume of intermarket shipments is surprisingly low. This is due, in 
part, to the low demand for some commodities, e.g., cattle and vegetable 
oils. When demand is low, more areas can be self-sufficient, evidently. 
Table 25. Crop acreages by market area 
Wheat (mil, ac.) Feed grain (mil, ac.) Soybeans (mil, ac.) Idle cropland (mil, ac.) 
Esti-  ^Brokken^  Esti-^   ^Brokken^  Esti- Brokken, Esti- . Brokken, 
mated* Actual soin. 1 mated Actual soin. 1 mated Actual^  soin. 1 mated Actual^  soin. 1 
1 — 0.774 2.934 3.129 2.772 - - 0.397 3.309 1.518 2.948 
2 0.656 0.618 0.318 4.305 2.619 0.022 2.148 0.208 11.484 2.399 6.274 
3 — 0.205 — - - 3.385 - - - - 1.321 11.932 2.053 5.055 
4 — 0.559 1.718 0.068 1.016 0.216 1.303 5.633 1.797 7.852 1.300 - -
5 - - 5.198 4.152 28.541 34.793 30.937 14.314 18.837 8.789 20.547 2.865 14.336 
6 
— 1.671 2.332 12.400 13.471 9.475 1.691 3.766 0.432 9.983 2.871 9.733 
7 17.426 21.707 23.322 9.945 21.049 5.306 0.867 2.113 0.054 31.303 3.824 25.554 
8 7.907 8.219 8.305 5.274 7.862 2.962 0.234 2.950 3.532 
9 8.565 7.171 8.183 0.377 4.086 0.289 6.306 2.714 3.382 
10 4.196 3.400 5.573 2.885 2.888 1.149 — - -- - - 0.231 1.167 - -
U.S. 38.094 49.560 54.203 62.742 95.984 55.725 18.196 34.449 11.280 105.897 24.243 67.280 
*Food plus feed use. 
H^arvested acreage, all wheat. Source (51). 
F^ood plus feed use. Source: (4, p. 680). 
*^ Feed grain plus acreage for food uses, com, oats, and barley. 
H^arvested acreages of com, oats, barley and grain sorghum. Source: (51). 
f 
Source: (4, p. 680). 
S^oybeans for beans. Source (51). 
S^ource: (4, p. 680). 
C^rop failure plus idle cropland. Source: (57). 
I 1 0-24.9% 
p™ 25-49.97o 
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Fig. 15. Uistrubution of estimated idle cropland (percent idle) 
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Table 26. Intermarket shipments of cattle and hogs 
Origin, Destination, 
area area Cattle Hogs 
(mil. cwt.) (mil. cwt.) 
3 1 12.312 
4 1 23.264 
5 1 — 53.798 
5 2 — 3.477 
5 3-- 6.732 
5 4 — 2.129 
5  8 - -  8 . 4 5 4  
6 1 14.415 
6 8 — 1.137 
6 10 — 4.955 
7 5 2.273 
7 6 17.447 
7  9 - -  4 . 2 4 8  
7 10 — 15.503 
8 4 6.471 
9 1 2.824 
9 10 21.441 
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Table 27. Intermarket shipments of milk and vegetable oil 
Origin, Destination Fluid Mfg. 
area area milk milk Oils 
(mil. cwt.) (mil. cwt.) (mil. cwt.) 
4 8 .894 
5 1 16.974 14.902 
5 2 5.143 
5 3 4.934 
5 6 .656 
5 8 2.951 
5 9 1.247 
5 10 5.965 
6 1 166.532 
6 2 65.604 
6 3 42.993 
6 4 45.406 
6 7 18.928 
6 10 26.710 
7 9 .908 
8 4 24.728 » — 
Ill 
For cattle, excess demand in areas 1, 5, 6, and 10 is satisfied 
by shipments from areas 3, 4, 6, 7, 8, and 9. Some indirect shipments 
occur. Cattle are shipped from areas 7 to 6 to 1 (cost $1,521) rather 
than directly from 7 to 1 (cost $1,558) and from areas 8 to 4 to 1 
(cost $1,692) rather than directly from 8 to 1 (cost $1,735). 
Excess demand for hogs in areas 1, 2, 3, 4, 8, 9, and 10 is satisfied 
by shipments from areas 5, 6, and 7. There are no indirect shipments of 
hogs. 
Only one intermarket shipment of fluid milk is made, from area 8 
to area 4; demand for fluid milk in area 4 (Delta States) is supplied 
entirely by shipments from area 8 (Southern Plains) . No fluid milk is 
produced in area 4 (see Table 20). Deficits of manufacturing milk in 
areas 1, 2, 3, 4, 7, and 10 are satisfied by shipments from areas 5 and 
6. Thus, areas 5, 6, and 8 produce excess milk; area 9 is self-
sufficient; all other areas have deficits of either fluid milk or manu­
facturing milk. There are no indirect shipments of milk and no oppor­
tunities to substitute fluid milk for manufacturing milk or vice versa. 
Excess demand for vegetable oils in areas 1, 2, 3, 6, 8, 9, and 10 
is satisfied by shipments from areas 4, 5, and 7. As with hogs and 
milk, there are no indirect shipments. 
As noted in Section C, there is no wheat production to the eastern 
half of the U.S. Accordingly, excess demand for wheat in areas 1 through 
6 is satisfied by shipments from areas 7, 8, and 9. Area 10 is self-
sufficient. For com, excess demand in areas 2, 3, and 4 is satisfied by 
shipments from areas 5 and 7; area 1 and areas 6 through 10 are self-
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Table 28. Intermarket shipments of food grains 
Origin, 
area 
Destination, 
area Wheat Corn Oats Barley 
(mil. bu.) (mil. bu.) (mil. bu.) (mil. bu.) 
5 4 
- -
13.703 1.870 
- -
7 1 161.081 12.567 — 
7 2 56.435 31.671 4.357 — 
7 3 44.822 28.450 3.888 8.819 
7 4 41.102 4.214 
7 5 95.440 — 
7 6 40.819 
— — 
3.838 — 
7 10 5.575 — 
8 4 47.756 — — 
9 6 11.879 — — 
sufficient. Excess demand for oats in areas 1, 2, 3, 4, 6, and 10 is 
satisfied by shipments from areas 5 and 7. Excess demand for barley in 
areas 3 and 4 is satisfied by shipments from area 7. There are no indirect 
shipments of food grains. 
'Ihe volume of intermarket shipments of feeder calves and yearlings 
is very low. This is undoubtedly due, in part, to the small amount of 
cattle feeding (see Section B). For such shipments as there are, feeder 
calves are supplied to areas 3, 4, and 5 from areas 6 and 8, and yearlings 
are supplied to area 2 from area 7. Feeder calves supplied to areas 4 
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Table 29. Intermarket shipments of feeder calves and yearlings 
Origin Destination, Feeder 
area area calves Yearlings 
(1000 head) (1000 head) 
6 5 1.856 
7 2 2.436 
8 3 1.884 — 
8 4 1.838 
8 7 .433 — 
Table 30. Intermarket shipments of feed grain and oilmeal 
Origin, Destination, Feed 
area area grains Oilmeals 
(mil. tons) (mil. tons) 
5 3 — 2.673 
5 4 12.258 3.712 
7 3 3.884 
7 4 0.077 
114 
and 7 are for slaughter, since there is no cattle feeding in either area 
(see Tables 17 and 18); feeder calves supplied to areas 3 and 5 could be 
for either feeding or slaughter. Yearlings supplied to area 2 are for 
slaughter since no feeding activity in the solution uses yearlings. 
Feed grains are shipped from area 5 to area 4 and from area 7 to 
area 3. Oilmeals are shipped from area 5 to areas 3 and 4 and from area 
7 to area 4. As with feeder calves and yearlings, the total volume of 
shipments is much smaller than would be expected if more cattle were fed. 
There are no indirect shipments of either feed grains or oilmeals. 
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V. SUMMARY AND CONCLUSIONS 
The purpose of this study, as stated in Chapter I, section D, is 
to identify a partial competitive equilibrium for U.S. agriculture. 
Demand and supply for agricultural commodities are determined simul­
taneously in a way that the market is just cleared (it is in equilibrium). 
The system is a partial one in that prices for nonagricultural commodities 
are assumed constant. Since the formulation is a spatial one, any excess 
resources in the equilibrium solution are identified by location. 
In addition to a discussion of the model used in this study, and of 
related models. Chapter II includes a review of the concepts of efficiency 
and market equilibrium. In particular, it is shown that a partial 
equilibrium solution may not be efficient in the sense of being on the 
efficiency frontier. It is argued that the solution is efficient in the 
sense that resource use cannot be reduced without reducing outputs. Such 
an interpretation of efficiency is consistent with the definition given by 
Dorfman et al. (see Definition 2, Chap. II, Sec. A). Subsequently, it is 
argued that the solutions to Problem V and similar models satisfy the 
theoretical requirements for a partial competitive equilibrium. 
The results, discussed in Chapter IV, also satisfy the theoretical 
requirements for a spatial competitive equilibrium. From a practical point 
of view, however, they are somewhat disappointing. All estimated prices 
are less than actual prices, as expected. Estimated quantities demanded 
exceed actual quantities for some, but not all, commodities. For some 
commodities (e.g. cattle and vegetable oils), estimated quantities are 
less, not greater, than actual quantities. One would expect price 
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elasticities for cattle and oils to be among the largest (in absolute 
value) for agricultural commodities. If so, quantities demanded at low 
prices would be very large, indeed. That this is not the case casts 
serious doubt on the relevance of the demand system. 
The theoretical nature of the results casts further doubt on their 
practical relevance. The results should represent a long-run equilibrium 
in the absence of government programs. Crop costs (Chap. Ill, Sec. C.2) 
include allowances for all inputs except management and land; livestock 
costs (Chap. Ill, Sec. D.3) include allowances for all nonfeed inputs 
except management. Returns to land and feed are determined within the 
model. The model supposes instantaneous adjustment to prevailing prices 
and ignores any changes in resource availability that might accrue during 
an extended period of low prices. Consequently, solution prices may be 
lower than prices that would prevail after an adjustment period. To 
this extent, the solution represents short-run, rather than long-run, 
equilibrium. 
Actual 1965 prices, by contrast, were supported by government 
programs and actual quantities were restrained by them. A review of model 
and data limitations will further clarify the results. 
A. Model Limitations 
The limitations of the model (Problem V) can conveniently be treated 
under two headings, supply and demand. On the supply side, the model has 
the same limitations as a spatial linear programming model (see 5, pp. 
140-152). Production is represented by linear activities that presume 
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constant returns to scale and infinite commodity divisibility. If these 
characteristics are objectionable in a linear model, they will be 
objectionable in Problem V. The model also assumes that a set of 
homogeneous producing regions can be defined. There is nothing theoretically 
objectionable about this assumption, but, in practice, it is a formidable 
requirement. 
On the demand side, demand for desired commodities is represented by 
linear demand equations with only prices as arguments (Chap. II, Sec. E). 
Demand for intermediate and primary commodities is derived endogenously 
from the demand for desired commodities. 
There is no doubt that the model distorts reality for both demand and 
production. The distortion may not be cause for great concern, however. 
To quote Dorfman et al.: 
"Strict descriptive faithfulness is an unreasonable demand to 
make of any conceptualization. ...What we have a right to ask 
of a conceptual model is that it seize on the strategic 
relationships that control the phenomenon it describes and 
that it thereby permit us to manipulate, i.e., think about, 
the situation" (8, p. 9). 
With that in mind, model limitations in this study seem, to me, less 
serious than data limitations. 
B. Data Limitations 
Data limitations can be conveniently combined in three groups: 
demand data, production data, and computer codes. 
1. Demand data 
Deficiencies in the national domestic demand system (Chap. Ill, Sec. 
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B) seem to be the largest single cause of distortions in the results. If 
and are actual 1965 prices and quantities, and if p^  ^and are 
their solution counterparts, the solution reports that p^ g < p^ g for all 
commodities and Q^ g < Q^ g for some commodities. That is, estimated prices 
are less than actual prices for all commodities, but, for some commodities, 
estimated quantities are also less than actual quantities. This is very 
puzzling. It is possible that the national demand matrix (Table 5, Chap. 
Ill) is an inaccurate transformation of Brandow's elasticity matrix. If 
not, there are at least three alternatives for deriving a new demand 
system: 
a. Assume that Brandow's "slopes" (rather than his elasticities) 
represent current demand. His 1955-57 intercepts can be updated 
with his trend terms, or new intercepts can be derived, as in 
(3.7), with recent prices. 
b. New elasticities and slopes for only livestock products and 
oils can be estimated. Solution prices and quantities for 
grain products (except oats) seem reasonable enough. The 
results in (25), which are crop results based on Brandow's 
elasticities, also seem reasonable. 
c. Estimate a completely new demand system. 
There may be inconsistencies, between demand and production, in the 
classification of commodities. Are yearlings perfect substitutes, as 
assumed, for fed cattle? Are soybean oil and cottonseed oil perfect 
substitutes? Might fluid milk and manufacturing milk be treated as a 
single commodity to allow more disaggregation in either beef or oils? 
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Some will object to the method of estimating market area demand 
(Chap. Ill, Sec. B.2); others may object to treating exports as known 
quantities (Chap. Ill, Sees. B.2 and B.3) . Both are legitimate criticisms. 
Their importance, however, depends on the purpose of the analysis. If the 
purpose, principally, is to analyze national domestic production and 
demand, they are relatively less important than if it is to analyze 
potential export supplies or area production and demand. 
Finally, the indirect cattle shipments (Chap. IV, Sec. D), although 
they do not distort the results, undoubtedly muddled the computations 
somewhat. This is not strictly a demand data problem, of course, but the 
aggregate nature of the market areas may be partially responsible. 
2. Production data 
Many production data limitations could be catalogued but only a few 
will be mentioned.^  First, the producing regions (like the market areas) 
are probably too aggregative (nonhomogeneous). The ultimate disaggrega­
tion scheme would treat each field of each farm as a separate producing 
region. This is a practical impossibility, of course, even if it were 
worthwhile. The choice must balance the purpose of the analysis against 
the research budget and the capacity for computations, and arrive at some 
kind of compromise. The producing region delineation here is the result 
of just such a compromise. 
Once reasonably homogeneous producing regions have been defined, the 
problem becomes one of finding representative production data. If the 
E^gbert and Heady give a more comprehensive list (20, pp. 9, 10, and 
55) . 
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producing regions are at all nonhomogeneous, this is a sampling problem, 
i.e., a problem of determining the appropriate weights for alternative 
yields, production techniques, etc. If production technology is changing, 
maintaining representative data is still another problem. 
Distortions introduced by not including accounting rows for feed 
grains and oilmeals were noted in Chapter III (Sec. F). Some rotation 
weights, because they are based on 1950-60 acreages, do not recognize 
recent trends, e.g., increases in soybean production and decreases in 
oats production (see Chap. Ill, Sec. C.3). 
Including exogenous feed demands was a refinement of questionable 
value and may have made computations more difficult (see App. F, Sec. E). 
Excluding exogenous feed demands from a subproblem of the 3524-row 
problem reduced computation time substantially. Perhaps, if they were 
treated, as legitimate demands, they would improve the results without 
making computations more difficult. 
3. Computer codes 
Limitations in computer codes exaggerate, or even add to, data 
limitations. Quadratic programming codes, typically, have smaller 
capacities than linear programming codes. Zorilla, for example, has a 
capacity of 3,550 rows compared with about 8,000 rows for MPS-360. 
Moreover, Zorilla requires both the input matrix and its transpose as 
initial input (see Chap. Ill, Sec. F). Effectively, this limits problem 
size to roughly half of the program capacity. 'Ihe capacity is not 
restrictive for small problems, of course. 
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Linear programming codes are faster and more accurate than quadratic 
programming codes. For a given matrix rank and density, for example, MPS-
2 iûO, will solve a problem faster and more accurately than Zorilla. Again, 
for small problems, the difference may be inconsequential, but ijt may be very 
consequential for large problems. 
It may be that models like Problem V can best be exploited in 
aggregative applications. The demand side can be made less aggregative 
and the production side more aggregative so that the net result is a more 
aggregative model. (The principal advantage, after all, of Problem V 
over linear models like those described in Chapter I, Sec. C, is in the 
treatment of demand.) Disaggregative production analysis might be 
reserved for linear programming models like Brokken's (4) or Eyvindson's 
(22 ) .  
2 MPS-360 was used for Eyvindson's problem (22). Although there were 
approximately 7,000 rows and 40,000 real variables (compared with 3,524 
of each here) and more time was required, no difficulties comparable to 
those described in Appendix F, Section D, were encountered. (See also 
53, pp. 166, 167). 
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APPENDIX A. SUPPLEMENTARY RESULTS 
area 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
U.S. 
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Idle livestock resources by market area 
Beef cow Fed cattle Milk cow Hog feeding 
capacity capacity capacity capacity 
CICOO head) (1000 head) (1000 head) (1000 cwt.) 
246.4 183.0 1,813.8 5,158.7 
2,569,6 -- 1,522.5 
99.0 1,535.0 
4,364.8 3,406.5 2,650.5 
804.1 1,187.0 — 3,226.6 
3,636.0 2,321.6 
1,285.0 692.2 4,005.9 
1,560.1 -- 387.6 
2,105.4 2,701.0 115.7 
11,650.4 12,497.5 11,038.9 12,391.2 
area 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
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Estimated rents for livestock resources 
Beef cow Fed cattle Milk cow Hog feeding 
capacity capacity capacity capacity Pasture 
($/head) ($/head) ($/head) ($/cwt.) ($/AUM) 
4.15 
0.55 
1.39 
1.52 
3.25 
0.08 
0.83 
2 .61  
24.11 
0.45 
1.42 
1.64 
1.69 
2.16 
1.87 
0.45 
0.41 
0.91 
0.97 
Table 33. Crop acreages by producing region (1000 ac.) 
Producing Feed Tame Wild 
region Wheat Com Oats Barley grains Soybeans Silage hay hay 
1 -- -- -- -- -- -- 568.52 4,209.00 
2 -- 1,385.31 —- 567.77 -- -— -- -- --
3 -- -- - - -- 981.30 — — 257.50 — 
1 I 0.0 1,385.31 0.0 567.77 981.30 0,0 568.52 4,466.50 0.0 
9 — — — 241.78 — — — — — — 
11 — -- — -- -- -- 69.13 1,576.90 
12 — -- — — 76.70 22.02 43.62 925.66 — 
2 Z 0.0 0.0 0.0 241.78 76.70 22.02 112.75 2,502.56 0.0 
19 -- -- -- -- -- -- 30.24 1,649.48 
20 -- -- -- -- -- -- 51.78 1,797.62 
3  ^ 0.0 0.0 0.0 0.0 0.0 0,0 82.02 3,447.09 0.0 
22 -- -- -- -- 16.28 371.32 — -- 0.80 
23 — — — —- — -- 29.79 901.26 — 
24 — — — — 52.14 931.59 — — — 
25 —— —— —— —— —— —— —— —— 64,90 
4 Z 0.0 0.0 0.0 0 JO 68.42 1,302.91 29.79 901.26 65.70 
Tab le 33. (Continued) 
Producing 
region IVheat Com Oats 
27 — — —— — 
2  8  —  —  —  —  — —  
29 — — — — —— 
30 — — — — — — 
31 ~ — 
32 - - —— 
33 — — — — — — 
34 -- 830.06 --
35 — " 
37 — — — — —— 
38 — — — — — — 
39 — — — — — — 
40 — — —« — «" — 
41 — -- 172.63 
z 0.0 830.06 172.63 
43 — — — — — — 
44 — — — — — — 
45 — — — — —— 
47 — 381.60 
48 — — — — — — 
49 — — — 
s 0.0 381.60 0.0 
Feed Tame Wild 
Barley grains Soybeans Silage hay hay 
— 
635.13 887.97 
- - :: 
6.00 
- -
1,467.17 850.63 
- - — 
— — 429.12 326.38 - - — — — — 
— — 1,284.35 722.44 — — — — - -
— — 5,799.83 1,351.62 — — — — — — 
— — 3,926.71 2,531.69 — — — — — — 
— — 1,439.61 1,780.99 — — — — — — 
— — — — — — — — — — 111.00 
— — 3,925.02 2,616.68 — — - — — — 
— — — — — — 342.50 5,365.80 — — 
— — 6,504.93 2,814.45 142.91 1,481.10 — — 
466.19 1,660.27 430.75 43.06 699.40 — — 
— m — — — — _ — m. — — 29.10 
466.19 27,072.13 14,313.61 528.47 7)546.30 146.10 
:: - - 22.30 
191.81 2,979.76 — — - — 2,193.43 16.10 
— — 5,635.33 580.07 — — 567.60 174.70 
— — 3,211.47 1,110.83 516.50 1,533.10 146.90 
— — • — — — — 371.48 4,391.02 347.80 
— — — — — — 90.33 2,225.91 54.70 
191.81 11,826.56 1,690.90 978.31 10,911.07 762.50 
Table 33. (Continued) 
Producing Feed 
region Wheat Com Oats Barley grains 
50 -  - —  - - - - •  —  —  
51 2,891.54 —  —  770, ,47 529, .92 —  —  
52 —  - —  —  - •  —  —  
53 —  —  -  - - •  - •  —  —  
54 —  —  —  —  - - - - —  —  
55 —  —  —  —  - - - - —  —  
56 —  —  — — - - —  —  
57 —  —  —  —  7,801.65 
58 2,194.60 —  —  - - —  —  
59 —  —  —  —  - - —  —  
60 1,979.10 —  —  - - - - —  —  
61 —  —  —  —  - - — —  —  
62 —  —  —  —  — - - —  —  
63 —  —  —  —  - - - - —  —  
64 —  —  —  —  — - - —  —  
65 7,820.63 —  —  - -
66 2,539.85 843.25 - - —  —  
7 E 17,425.72 843.25 770. 47 529. 92 7,801.65 
67 2,873.65 214. 75 
68 2,454.74 —  —  - - - - —  —  
69 2,494.23 —  —  - - — —  —  
70 —  —  —  — - - 2,373.00 
71 —  —  —  —  - - —  —  
72 —  —  —  —  99. 35 - - 1,013.55 
73 —  —  —  - - - — —  —  
74 84.52 382.18 - - - - —  —  
75 —  —  — — 673.70 
76 — •  —  305.14 —  —  
77 —  —  —  —  — —  —  - —  —  
78 —  —  —  « •  —  —  —  —  185.30 
Tame Wild 
Soybeans Silage hay hay 
- - — — — — 88.70 
— — — — — — 931.60 
— — — — — — 950.90 
— — — — — — 2,475.60 
— — — — — — 1,590.60 
— — — — — — 218.10 
— — — — — — 268.20 
866.85 — — — — 300.80 
— — 
— — 
— — 411.50 
— — — — — — 799.20 
— — — — 
— — 49.90 
— — — — 
— — 61.80 
— — — — — — 167.90 
— — — — — — 308.30 
— — 622.75 2,096.70 89.80 
— — 187.17 447.30 65.80 
— — — — — — 8.80 
866.85 809.92 2,544.00 8,787.50 
42.30 307.30 150.20 
— — 33.76 72.40 9.90 
— — 60.67 409.62 127.60 
— — 
— — 
— «• 14.30 
— — 474.12 1,453.18 2.80 
—• — — — — — 0.10 
— — — — — — 0.40 
— — 
— — — — 54.80 
— — — — 47.61 17.80 
— — 16.26 73.10 34.60 
— — 102.24 561.66 29.90 
— ^ — — — — 0.50 
Table 3 3 .  (Continued) 
Producing Feed Tame . Wild 
region IVheat Com Oats Barley grains Soybeans Silage hay hay 
79 .. 10.63 _ _  _ _  _ _  20.27 20.60 0.20 
80 —  —  —  —  —  —  —  —  —  - —  —  144.42 752.58 0.60 
81 —  —  —  —  —  —  —  —  16.50 —  —  —  —  0.10 
82 —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  - 75.20 
8 S 7,907.14 687.32 109.98 214.75 4,262.05 0.0 894.04 3,698.05 519.00 
83 1,335.28 171.22 B «• 461.10 
84 3,608.71 —  —  53.24 151.75 —  —  —  —  —  —  —  —  207.70 
85 2,529.20 —  —  —  —  —  —  —  —  —  —  —  —  —  —  176.20 
86 —  —  —  —  —  —  —  —  —  -  •  —  —  —  —  —  —  139.40 
87 —  —  —  —  —  —  —  —  —  —  1 ,012.28 1,731.02 17.40 
88 644.80 —  - —  —  —  —  —  —  —  —  —  —  — " 5.00 
89 —  —  —  —  —  —  —  —  —  —  —  —  -  - —  —  —  —  
90 —  —  —  —  —  —  —  —  —  —  — — —  —  —  —  —  —  
91 - - —  —  —  —  —  —  — '  —  —  —  —  —  -  - 26.50 
92 446.70 —  —  —  —  —  —  —  —  —  —  —  —  —  —  1.90 
93 —  —  —  —  —  —  —  —  —  —  —  —  3.20 44.56 —  —  
94 —  —  —  —  —  —  0.70 —  —  —  —  —  —  — — —  —  
95 —  —  —  —  —  —  —  —  —  —  —  —  —  —  — 290.90 
96 —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  
97 —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  —  158.45 
9 E 8,564.69 171.22 53.24 152.45 0.0 0.0 1 ,015.48 1,775.58 1,484.55 
98 2,127.58 268.42 mm B 11.80 
99 1,313.81 470.89 —  —  —  —  —  —  —  —  —  —  —  —  11.50 
100 —  —  —  —  —  —  —  —  966.60 —  —  539.01 11.80 
101 —  —  —  —  —  —  —  —  44.70 —  —  —  —  65.94 —  —  
102 754.50 — —  —  —  —  —  —  —  —  —  17.40 1,006.20 302.00 
103 —  —  —  —  — — —  —  1,134.10 —  —  -  —  1,094.00 90.30 
10 z 4,195.89 470.89 0.0 268.42 2,145.40 0.0 17.40 2,705.15 427.40 
U.S.38,093.44 4,769.65 1,106.32 2,633.09 54,234.22 18,196.29 5,036.71 40,497.54 12,192.75 
Table 34. Crop production by producing region 
Producing Feed Tame Wild 
region Itfheat Corn Oats Barley grains Soybeans Silage^  hay hay 
(mil. bu.)(mil. bu.)(mil. bu.)(mil. bu.)(1000 tons)(mil. bu.)(1000 tons)(1000 (1000 
tons) tons) 
2,313.90 7,955.00 
—- 91.846 -- 28.672 —- —- —- -- —-
1,537.70 -- -- 478.95 
91.846 — 28.672 1,537.70 0.0 2,313.90 8,433.95 0.0 
1 
2 
3 
4 
1 I 
5 
6 
7 
8 
9 
10 
11 
12 
13 
2 Z 
14 
15 
16 
17 
18 
19 
20 
3 I 
9.840 
349.12 2,459.96 
122.91 0.605 205.00 1,536.60 
9.840 122.91 0.605 554.12 3,996.56 0.0 
-- -- 94.63 2,078.34 
170.37 2^ 336.90 
0.0 0.0 265.0,0 4,415.24 0.0 
Table 34. (Continued) 
Producing Feed Tame Wild 
region Wheat Com Oats Barley grains Soybeans Silage* hay hay 
(mil. bu.)(mil. bu.)(mil. bu.)(mil. bu.)(1000 tons) (mil. bu.)(1000 (1000 (1000 
tons) tons) tons) 
22 — — — — 15.58 9.134 — — 1.39 
23 —— —- -- —- -- -- 125.13 1,405.96 —— 
24 — — —— — — —— 50.29 24.221 —- —— —— 
25 — — — — — — — —— — 119.42 
4 z — -- — — 65.87 33.356 125.13 1,405.96 120.81 
27 -- -- -- 1,009.29 24.419 -- -- 9.96 
31 —- -- —— —— 2,620.21 23.052 —— —— 
32 —— -- -- —- 715.01 8.127 —- -- —— 
33 —— —— , —— 2,434.61 22.468 —— — — —— 
34 -- 72.132 -- — 11,280.08 45.685 
35 —— —- -- — — 7,833.78 89.369 -- —- —-
36 — — —— —— — — 2,084.41 46.128 — — —— —— 
37 ~ — — — — — — — — — 203.13 
38 - - - — —- —— 6,747.11 81.640 —— —— 
• 39 -- -- -- -- -- -- 2,257.06 10,409.66 — 
40 — -- -- — 10,922.42 86.122 700.27 3,525.01 
41 — -- 9.788 18.042 2,739.61 11.415 196.80 1,643.58 
5 Z — 72.132 9.788 18.042 48,386.53 438.425 3,154.13 15,578.25 257.61 
Table 34. (Continued) 
Producing Feed Tame Wild 
region Wheat Com Oats Barley grains Soybeans Silage hay hay 
(mil. bu.)(mil. bu.)(mil. bu.)(mil. bu.)(1000 tons) (mil. bu.)(1000 (1000 (1000 
tons) tons) tons) 
43 — — — — — — — - — — -  - — — 
44 — — — — — — — — — — — — — — — — 24.98 
45 — — — — — — 8.785 4,512.84 — — — — 6,426.76 25.60 
46 — — — — — — 7,466.82 13.168 — — 1,555.22 211.39 
47 •— — 28.086 — — 5,091.14 28.659 1,807.74 4,078.05 213.01 
48 mm » — — — —• — — — — — — 1,786.80 9,045.51 337.37 
49 — — — — — — — — — — — 428.18 4,652.15 55.25 
6 Z 28.086 -  - 8.785 17,070.80 41.827 4,022.72 25,757.69 867.58 
50 mm — «m M » w — — » _ a* mm mm a ™ 86.04 
51 63.903 — — 31.435 15.845 — — — — — — 857.07 
52 — — — — — — — — — — — — — — — — 732.19 
53 — — — - — — — — — — — — — — — — 1,658.65 
54 — — — — — — *• — — — — — — — — «• 1,049.80 
55 — — — — — — — — — — — — — — — — 205.01 
56 — — — — — — — — — — — — — — — — 268.20 
57 — - — — — — 11,226.57 24.272 — — mm — 360.96 
58 62.546 — — — — — — — — — — — — — — 345.66 
59 — — — - - — — — — — — — — — — 655.34 
60 51.655 «— — — — — — — — — — — — — — 46.91 
61 ' — — — — — — — — — — — — — — — — 118.04 
62 — - — — -- — — — — — — — — — — 302.22 
63 — — — — — — — — — — — — — — — — 527.19 
64 — — — — — — — — — — 2,185.87 4,759.50 158.95 
65 213.503 — — — — — — — — — — 759.90 1,109.31 125.02 
66 61.718 69.062 — — — — — —• " — — — " m» 16.63 
7 Z 453.325 69.062 31.435 15.845 11,226.57 24.272 2,945.77 5,868.81 7,513.88 
Table 34. (Continued) 
Producing Feed Tame Wild 
region Wheat Corn Oats Barley grains Soybeans Silage^  hay hay 
(mil. bu.)(mil. bu.)(mil. bu.)(mil. bu.)(1000 tons) (mil. bu.)(1000 (1000 (1000 
tons) tons) tons) 
67 88.508 — — — 7.108 — 115.91 537.77 241.82 
68 58.914 — — •" — ~ — — — 113.09 125.25 15.64 
69 70.337 — — — — — — — — 171.08 737.32 192.68 
70 — — — — — 4,230.11 — — — — — — 16.02 
71 — — — — — — — — — — 2,527.04 2,063.52 3.78 
72 — — — — 2.792 -- 958.41 — — — — — — 0.08 
73 — — — — — •" — — — — — — — — — — 0.46 
74 2.198 10.816 — — — — — — — — — — — 91.52 
75 — — — — -- — 760.28 —' — — — 58.08 29.73 
76 — — 11.656 — — — — — — 67.98 81.14 51.21 
77 — — — — — — — — — —' 399.76 645.91 46.34 
78 — — — — 256.32 — — — — — — 1.04 
79 — » — — 0 • 328 — — — 85.34 32.75 0.88 
80 - — — — — — — — —— 635.44 692.38 0.77 
81 - - — — — — 25•24 — — — — — — 0.17 
82 — — — — — — — — — — — — — 111.30 
8 Z 219.957 22.472 3.120 7.108 6,230.37 0.0 4,115.64 4,974.12 803.42 
83 40.325 13,509 530.26 
84 79.752 — — 1.842 4.188 — — — — — — 159.93 
85 63.736 — — — — — — — — — — — 172.68 
86 — — — — — — — — — — — — — — — — 115.70 
87 — — — — — — — — — — 8,816.94 2,648.46 22.62 
88 12.445 — — — — — — — — — — — — 6.35 
89 — — — — — — — — — — — — — — — — 
90 — — — — — — — — — — — — — — — — — — 
Table 34. (Continued) 
Producing Feed Tame Wild 
region Wheat Corn Oats Barley grains Soybeans Silage* hay hay 
(mil. bu.) (mil. bu.)(mil. bu.)(mil. bu.) (1000 tons)(mil. bu.)(1000 (1000 (1000 
tons) tons) tons) 
92 19.476 — — — — —— — — —— —— — — 2.43 
93 —" —— —— — — —— —— 14.05 225.92 — — 
94 — — —— —— 0*040 ~ — —— — — — — — — 
95 — — — — — — — — — — — — — *- — — 340 # 35 
9/ — — — — — — — — — — — — — — — — 175»88 
9 Z 215.734 13.509 1.842 4.228 0.0 0.0 8,830.99 2,874.38 1,562.25 
98 85.954 —- 12.401 —- —- 15,58 
99 42.305 41.297 — — —- —- -- —— 16,22 
100 —- —- —" —- 751.34 —— —— 2,668.09 15,22 
101 —— —— —— 35,89 —~ —— 292.78 — — 
102 22.258 — r- — — — 110.85 2,193.51 392.60 
103 -- -- -- -- 1,019.79 -- -- 3,489.85 102.94 
10 Z 150.517 41.297 — 12.401 1,807.01 0.0 110.85 8,644.23 542.56 
U.S. 1,039.533 338.404 46.185 104.921 86,447.76 538.485 26438.25 81,949.19 11,668.11 
R^oughage equivalent. 
Table 35. Idle land by market area 
Market Cropland (1000 ac.) Hayland (1000 ac.) Wild hay land (1000 ac.)Pasture (1000 AUM) 
Estimated Brokken^  Estimated Brokken^  Estimated Brokken^  Estimated Brokken*^  
solution 1 solution 1 solution 1 solution 1 
1 3,308.5 2,947.7 6,866.0 3,758.7 - - 21,489.5 2,400.97 
2 11,483.6 6,274.0 15,140.0 4,339.6 46,293.3 5,164.74 
3 11,931.8 5,054.6 10,249.0 — — - - - - - -
4 7,852.4 - - 9,065.8 -  - - - 66.5 - -
5 20,547.2 14,336.0 26,554.9 13.3 87i885.8 
6 9,983.3 9,732.6 8,307.6 2,149.2 - - 53.4 14,472.9 
7 31,302.9 25,554.0 36,954.8 222.4 6,816.3 52,891.9 - -
8 2,950.4 - - 1,730.4 519,0 
9 6,305.7 3,381.5 10,176.5 - - 132 .65 872.5 33,926.0 - -
10 231.1 - - 623.9 247.0 - - 11,623.9 15,916.01 
U.S. 105,896.9 67,280.4 125,668.9 10,716.9 132 .65 8,341.0 268,573.3 23,481.72 
*Land - 2 (grain land). Source; (4, p. 695). 
L^and - 3 (tame hay land). Source: (4, p. 695). 
''Land - 4 (wild hay land). Source: (4, p. 696). 
L^and - 5 (pasture land) x yield. Source: (4, p. 696). 
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Table 36, Idle land by producing region 
Market Producing Wild hay 
area region Cropland Hay land land 
(1000 ac.) (1000 ac.) (1000 ac.) 
1 2,301.07 2,604.68 
2 
% 
698.23 2,014.43 
4 309.20 2,246.90 
Z 3,308.50 6,866.01 
S 1,640.90 3,698.40 
6 1,271.80 1,376.30 
7 778.80 1,179.20 
8 1,997.90 2,246.40 
9 25.22 140.52 
10 2,463.10 3,154.60 
11 1,312.77 311.57 
12 536.66 — — 
13 1,456.40 3,033.00 
E 11,483.55 15,139.99 
14 5 ,497.50 5,956.70 
15 723.50 993.00 
16 570.50 632.00 
17 191.10 203.80 
18 1,498.50 1,678.00 
19 2,050.76 785.49 
20 1,399.92 — — 
Z 11,931.78 10,248.99 
21 2,728.70 3,268.90 
22 — — 44.00 
23 1,379.91 843.35 
24 2,442.47 2,770.97 
25 391.40 591.00 
26 909.90 1,547.60 
E 7,852.38 9,065.82 
27 324.40 
28 606.60 877.40 
29 1,601.30 2,542.20 
30 5,943.80 7,353.60 
31 — — 501.30 
32 — — 71.00 
33 5,155.51 6,431.51 
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Table 36. (Continued) 
Market Producing 
area regi on Cropland 
(1000 ac.) 
Hayland 
(1000 ac.) 
Wild hay 
land 
(1000 ac.) 
34 — — 1,775.00 
35 — — 552.10 
36 — — 496.50 
37 1,927.50 2,434,60 
38 — — 1,627.90 
39 4,168.60 — -
40 — — 
41 — — 
42 1,143.90 1,567.40 
E 20,547.21 26,554.91 
43 4,254.80 5,756.10 
44 1,186.00 2,288.70 
45 348.73 — — 
46 — — 
47 
48 3,334.32 — — 
49 859.47 262.76 
Z 9,983.32 8,307.56 
50 2,069.40 2,239.20 
51 2,148.47 2,890.17 
52 6,095.90 6,844.60 
53 1,927.80 2,675.90 
54 4,934.90 5,742.00 
55 1,403.10 1,629.70 
56 3,736.30 4,133.30 
57 — — 1,083.90 
58 — — 297.30 
59 1,869.40 2,468.40 
60 — — 220.90 
61 1,365.90 1,621.30 
62 1,105.80 1,230.80 
63 2,168.60 3,038.40 
64 2,477.35 «772.45 
65 — — 
66 — — 66.50 
E 31,302.92 i 36,954.82 
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Table 30- (Continued) 
Market Producing 
area regi on Cropland 
(1000 ac.) 
Hayland 
(1000 ac.) 
Wild hay 
land 
(1000 ac.) 
69 -- 26.27 
70 57.20 
71 1,371.48 
72 — 28.20 
73 348.70 374.40 
74 — 587.00 
75 -- 82.49 
77 344.26 
78 16.90 -— 
/ 9 — — — 
80 557.88 
81 — 43.30 
82 328.10 514.60 — • 
8 z 2,950.42 1,730.36 
83 — 1,347.30 
84 —— 387.70 
85 — 636.20 
86 957.40 1,485.00 
87 1,556.62 
88 — 185.30 — 
89 366.60 396.10 1.60 
90 1,749.70 2,068.20 67.00 
91 283.70 506.30 
92 -- 75.00 
93 — 25.34 0.20 
94 — 182.10 1.80 
95 1,009.00 1,936.10 
96 96.00 208.10 
97 286.70 737.80 62.05 
9 E 6,305.72 10,176.54 132.65 
98 -- 247.00 
99 -- 217.70 
100 -- 93.99 
101 " — 65.16 
102 — — — 
103 231.10 
10 Z 231.10 623.85 
U.S. 105,896.90 125,668.85 132.65 
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Table 37. Land rents 
Market Producing Cropland Hayland Wild hay land 
area region rent ($/ac.) rent ($/acO rent C$/ac.) 
Estimated Brokken® Estimated Brokken.® Estimated Brokken 
1 0.60 mm — 
2 —  —  —  —  4.14 —  —  —  —  
3 8.40 12.74 3.44 7.88 —  —  —  —  
4 
- -
10.09 — —  — — 
5 — — mm — — mm — mm — — — — 
6 — — —  —  7.39 —  —  — 
7 —  —  — - —  —  —  —  — —  
8 —  —  0.03 —  —  —  —  —  —  
9 —  —  0.71 —  —  —  —  —  —  —  —  
10 —  —  —  —  —  —  —  —  —  —  
11 — — — — — — 0.76 —  —  —  —  
12 —  —  3.66 0.24 0.55 — —  - -
13 - - —  -
14 » tm mm —. 
15 —  —  —  —  
16 —  —  —  —  —  —  —  —  — — 
17 -  —  — —  —  —  —  —  —  —  
18 —  —  —  —  — —  0-08 —  —  
19 —  —  —  —  —  —  —  —  — — —  —  
20 1.06 0.04 — 
21 0.57 
22 7.06 8.86 —  —  —  —  7.80 4.14 
23 — —  0.10 —  —  0.07 — 
24 —  —  — — — — — — — —  —  —  
25 —  —  — •  —  —  —  —  —  8.26 4.38 
26 
- -
27 6.55 6.48 5.19 0.85 
28 —  —  —  —  —  —  —  —  —  —  —  —  
29 —  —  —  —  — —  — 
30 —  —  —  —  — •» 1.02 — —  1* 
31 .48 2.74 — — 4.27 — —  — —  
32 .80 —  —  —  —  0.23 — - -
33 —  —  7.78 —  —  — —  — - -
34 1.92 —  —  —  —  —  —  — —  - -
35 12.60 10.43 —  —  -  —  — 
36 .15 — —  —  —  —  —  — 
37 — — — — — — —  —  5.71 0.94 
38 6.63 5.37 —  —  
39 —  —  —  —  1.04 —  —  
40 4.93 4.12 1.53 —  —  
41 1.34 1.04 1.35 — —  -  -
42 — — — — —  —  —  —  4.77 0.79 
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Table 37. (Continued) 
Market Producing Cropland Hayland Wild hay land 
area region rent ($/ac.) rent C$/ac.) rent C$/ac.) 
Estimated Brokken^  Estimated Brokken® Estimated Brokken^  
43 - - —' — —— 0.82 —' — — — 
44 — — — — — — — — 4.07 — — 
45 — — 0.60 1.74 — — 5.80 — — 
46 6.70 0.97 2.35 5.95 5.06 0.24 
47 9.37 4.49 0.11 — — 6.09 0.27 
48 — — 6.65 3.84 — — 4.06 0.20 
49 
— —  — 
5.00 0.11 
50 0.25 2.80 0.54 
51 M — 0.49 — —. — — 2.64 0.52 
52 0.33 — — — — 2.22 0.43 
53 — — — — 0.91 — — 
54 — — — — — — — — 0.62 — — 
55 — — —— — —  — — 0.86 — — 
56 — — — — — — — 0.91 — — 
57 1.42 l.?4 — —• — — 2.04 — — 
58 4.04 6.25 — — — — ].25 — — 
59 — —• — — — — 1.37 — — 
60 3.77 5.87 — — — — 1.58 — — 
6] — — — — —  — — 4.38 — — 
62 — — — — — — — — 4.13 — — 
63 — — — — — — — — 3.95 — — 
64 — — — — — —• — — 4.08 — — 
65 0.82 4.52 0.87 G.13 4.37 — — 
66 6.02 7.98 — — — 4.33 
67 2.48 — — 0.13 — — 7.77 — — 
68 4.84 1.45 0.56 —— 7.59 — — 
69 4.33 1.27 — — —— 7.24 — — 
70 20.71 14.44 — —• —— 6.11 — — 
71 — — — — 4.56 —— 7.35 
72 6.24 1.41 — — —— 4.15 
73 — — — — — — —— 6.27 — — 
74 4.23 0.53 — — — — 8.71 — — 
75 9.60 4.73 — — — — 9.13 — — . 
76 9.72 « — 0.29 —— 8.08 — — 
77 — — — — 1.39 —— 8.48 — — 
78 6,25 — — — — 5.73 11.35 — — 
79 3.10 — — 4.66 6.88 23.89 — — 
80 — — — — 0.80 — — 7.04 — — 
81 6.60 0.50 — *- 9.22 — -
82 — — — — — — — — 7.12 
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Table 37. fContinued) 
Market Producing Cropland Hayland Wild hay land 
area region rent f$/ac.'> rent r$/ac.l —rent. C$/ac.)—_ 
Estimated Brokken Estimateo Brokken Estimated Brokken"* 
83 5.63 3.55 3.82 
84 3 .95 3.73 —  —  —  —  2.15 1.66 
85 2.28 -  —  —  —  —  —  2.06 1.38 
86 —  —  — —  —  —  1.75 0.87 
87 —  —  13.32 3.55 4.25 —  —  
88 1.61 1.39 —  —  —  —  1.97 —  —  
89 —  —  4.67 —  —  0.07 —  —  —  —  
90 —  —  —  —  —  —  —  —  —  —  —  —  
91 —  —  8.28 —  —  0.40 —  —  
92 2.89 - - —  —  —  —  3.32 2.51 
93 62.72 4.71 —  —  24.32 —  —  —  —  
94 4.25 31.09 —  —  0.10 —  —  —  —  
95 —  —  —  —  0.70 0.82 C.07 
96 —  —  —  —  14.97 —  —  
97 - -
98 17.34 20.85 13.01 4.81 
99 16.24 18.08 —  —  1 .02 15.96 7.22 
100 31.CO 0.73 — —  27.43 17,44 10.97 
101 23.71 25.27 —  —  —  —  —  —  —  —  
102 2.93 16.64 11.91 0.77 10.47 2.39 
103 —  —  3.10 13.61 3.82 10.86 5.18 
t^d. avg. of shadow prices in Brokken solution 1 with the following 
weights : 
1. Land - 2 (grain land), cropland weights. 
2. Land - 3 (hayland), hayland weights. 
3. Land - 4 (wild hay land), wild hay land weights. 
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VII. APPENDIX B. REGIONAL DEMAND MATRICES 
Table 38. Market area 1, farm-level demand for food: slope 
coefficients showing the effects of a one-unit change in the 
farm price of the commodity at the head of the column on the 
demand for the commodity at the left; and intercept terms 
including exports^  
Farm Fluid Mfg. 
product Cattle Calves Hogs milkb milk^  
Cattle -167.46640 8.304359 16.97427 .009537 .46699 
Calves 3.42248 -12.577790 1.68675 .000520 .02548 
Hogs 23.39117 5.597861 -135.51610 .010029 .49107 
Fluid milk^  .46723 .072519 .26844 -4.693312 .36954 
Mfg. milk^  4.32709 .669148 2.46066 3.413783 -95.30505 
Oils^  .10980 .016953 .06226 .007593 .85660 
Wheat 1.98704 .305348 1.12271 .136758 .36315 
Com 1.98411 .303760 1.12699 .136048 .36027 
Oats .03434 .005267 .01934 .002359 .00642 
Barley .02264 .003578 .01183 .001603 .00462 
A^ll prices are in dollars per quantity unit given in Table 4, and 
quantity changes are in 10,000 units. 
I^ncludes cream. 
^Milk used in evaporated and condensed milk, cheese, ice cream, and 
butter. 
^Soybean oil and cottonseed oil. 
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Oils^  Wheat Com Oats Barley Intercept 
.01327 .310573 .125329 .000000 .000000 7761 .577 
.00072 .016949 .006840 .000000 .000000 437 .930 
.01395 .326591 .131792 .000000 .000000 6666 .974 
.00301 .021155 .014228 .000000 .000000 1811 .500 
1.69670 .426293 .165990 .000000 .000000 4482 .900 
-3.38584 .008242 .003696 .000000 .000000 376 .137 
.01189 -2.978373 .224654 .033848 .000000 1572 .800 
.00407 .543094 -6.382545 .034758 .000000 896 .190 
.00073 
.009390 .003445 -.145319 .000000 125 .160 
.00000 .005219 .003510 .000000 -3.064364 303 .740 
Table 3 9 .  Market area 2, farm-level demand for food: slope coefficients 
showing the effect of a one-unit change in the farm price of 
the commodity at the head of the column on the demand for 
commodity at the left; and intercept terms including 
e:qports& 
Farm 
product Cattle Calves Hogs 
Fluid 
milkb 
Mfg. 
milk^  
Cattle -58.05058 2.878623 5.88397 .003306 .16188 
Calves 1.18637 -4.359969 .58470 .000180 .00883 
Hogs 8.10832 1.940443 -46.97532 .003476 .17023 
Fluid milk^  .16196 .025138 .09305 -1.626890 .12810 
Mfg. milk^  1.49994 .231953 .85296 1.183353 -33.03654 
Oils^  .03806 .005877 .02158 .002632 .29693 
IVheat .68879 .105846 .38918 .047406 .12588 
Com .68777 .105295 .39066 .047160 .12488 
Oats .01190 .001826 .00670 .000818 .00222 
Barley .00785 .001240 .00410 .000556 .00160 
®A11 prices are in dollars per quantity unit given in Table 4, and 
quantity changes are in 10,000 units. 
I^ncludes cream. 
''Milk used in evaporated and condensed milk, cheese, ice cream, and 
butter. 
^Soybean oil and cottonseed oil. 
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Oils^  Wheat Corn Oats Barley Intercept 
.00460 .107657 .043444 .000000 .000000 2694.700 
.0002b .005875 .002371 .000000 .000000 151.800 
.00484 .113209 .045685 .000000 .000000 2311.800 
.00104 .007333 .004932 .000000 .000000 627.920 
.58815 .147770 .057539 .000000 .000000 1554.000 
-1.17367 .002857 .001281 .000000 .000000 130.544 
.00412 -1.032423 .077874 .011733 .000000 551.220 
.00141 .188258 -2.212446 .012049 .000000 310.650 
.00025 .003255 .001194 -.050374 .000000 43.390 
.00000 .001809 .001217 .000000 -1.062231 105.290 
Table 40. Market area 3, farm-level demand for food: slope coefficients 
showing the effect of a one-unit change in the farm price of 
the commodity at the head of the column on the demand for 
commodity at the left; and intercept terms including exports 
Farm 
product Cattle Calves Hogs 
Fluid 
milkb 
Cattle -51.78999 2.568172 5.24940 .002949 .14442 
Calves 1.05842 -3.889759 .52164 .000161 .00788 
Hogs 7.23386 1.731171 -41.90917 .003101 .15187 
Fluid milk^  .14449 .022427 .08302 -1.451434 .11428 
Mfg. milk'^  1.33818 .206938 .76097 1.055732 -29.47364 
Oils^  .03396 .005243 .01925 .002348 .26491 
Wheat .61451 .094431 .34720 .042293 .11231 
Com .61360 .093940 .34853 .042074 .11142 
Oats .01062 .001629 .00598 . .000730 .00198 
Barley .00700 .001107 .00366 .000496 .00143 
A^ll prices are in dollars per quantity unit given in Table 4, and 
quantity changes are in 10,000 units. 
I^ncludes cream. 
^Milk used in evaporated and condensed milk, cheese, ice cream, and 
butter. 
^Soybean oil and cottonseed oil. 
147 
Oils' Wheat Com Oats Barley Intercept 
.00410 
.00022 
.00432 
.00093 
.52472 
-1.04709 
.00368 
.00126 
.00023 
.00000 
.096047 
.005242 
.101000 
.006542 
.131834 
.002549 
.921080 
. 167955 
.002904 
.001614 
.038759 
.002115 
.040758 
.004400 
.051333 
.001143 
.069475 
1.973839 
.001065 
.001086 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.010468 
.010749 
.044941 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.947673 
2404.100 
135.430 
2062.500 
560.200 
1386.400 
116.524 
436.860 
277.150 
38.710 
93.930 
Table 41. Market area 4, farm-level demand for food: slope coefficients 
showing the effect of a one-unit change in the farm price of 
the commodity at the head of the column on the demand for 
commodity at the left; and intercept terms including exports 
Farm 
product Cattle Calves Hogs 
Fluid 
milk° 
Mfg. 
milk^  
Cattle -24.93159 1.236312 2.52705 .001420 .06952 
Calves .50952 -1.872521 .25112 0.000000 .00379 
Hogs 3.48236 .833383 -20.17498 .001493 .07311 
Fluid milk^  .06956 .010796 .03996 -.698718 .05502 
Mfg. milk^  .64420 .099619 .36633 .508228 -14.18855 
Oils^  .01635 .002524 .00927 .001130 .12753 
Wheat .29582 .045459 .16714 .020360 .05406 
Com .29539 .045222 .16778 .020254 .05364 
Oats .00511 .000784 .00288 .000351 .00096 
Barley .00337 .000533 .00176 .000239 .00069 
A^ll prices are in dollars per quantity unit given in Table 4, and 
quantity changes are in 10,000 units. 
I^ncludes cream. 
^ilk used in evaporated and condensed milk, cheese, ice cream, and 
butter ' 
^Soybean oil and cottonseed oil. 
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Oils Wheat Com Oats Barley Intercept 
.00198 
.00011 
.00208 
.00045 
.25260 
-.50407 
.00177 
.00061 
.00011 
.00000 
.046237 
.002523 
.048621 
.003149 
.063464 
.001227 
.443406 
.080853 
.001398 
.000777 
.018658 
.001018 
.019621 
.002118 
.024712 
.000550 
.033445 
-.950203 
.000513 
.000523 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.005039 
.005175 
.021634 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.456208 
1157.397 
65.196 
993.078 
269.680 
838.090 
57.894 
883.530: 
133.420 
18.630 
45.220 
Table 42. Market area 5, farm-level demand for food: slope coefficients 
showing the effect of a one-unit change in the farm price of 
the commodity at the head of the column on the demand for 
commodity at the left; and intercept terms including exports* 
Farm 
product Cattle Calves Hogs 
F luid 
milk" 
Fluid 
milk'' 
Cattle -105.43290 5.228229 10.68661 .006004 .29401 
Calves 2.15471 -7.918686 1.06194 .000328 ,01604 
Hogs 14.72653 3.524281 -85.31779 .006314 .30917 
Fluid milk^  .29415 .045657 .16900 -2.954799 .23266 
Mfg. milk^  2.72423 .421280 1.54917 2.149237 -60.00183 
Oils^  .06913 .010673 .03919 .004780 .53930 
Wheat 1.25100 .192240 .70683 .086100 .22863 
Com 1.24915 .191240 .70953 .085652 .22682 
Oats .02162 .003316 .01218 .001485 .00404 
Barley .01426 .002253 .00745 .001009 .00291 
*A11 prices are in dollars per quantity unit given in Table 4, and 
quantity changes are in 10,000 units. 
I^ncludes cream. 
''Milk used in evaporated and condensed milk, cheese, ice cream, and 
butter. 
^Soybean oil and cottonseed oil. 
151 
Oils Wheat Com Oats Barley Intercept 
.00835 
.00046 
.00878 
.00190 
1.06821 
-2.13164 
.00749 
.00256 
.00046 
.00000 
.195529 
.010671 
.205614 
.013318 
.268384 
.005189 
•1.875114 
.341919 
.005912 
.003286 
.078904 
.004306 
.082973 
.008958 
.104504 
.002327 
.141437 
-4.018301 
.002169 
.002210 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.021310 
.021883 
.091490 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
•1.929251 
4894.200 
275.710 
4198.800 
1140.400 
2822.300 
237.340 
932.920 
564.220 
78.800 
191.230 
Table 43. Market area 6, farm-level demand for food: slope coefficients 
showing the effect of a one-unit change in the farm price of 
the commodity at the head of the column on the demand for 
commodity at the left; and intercept terms including exports^  
Farm 
product Cattle Calves Hogs 
Fluid 
milk® 
Mfg. 
milk^  
Cattle -51.14978 2.536425 5.18451 .002913 .14263 
Calves 1.04534 -3.841674 .51519 .000159 .00778 
Hogs 7.14444 1.709771 -41.39111 .003063 .14999 
Fluid milk^  .14271 .022150 .08199 -1.433492 .11287 
Mfg. milk^  1.32163 .204380 .75157 1.042681 -29.10931 
Oils^  .03354 .005178 .01901 .002319 .26163 
Wheat .60691 .093263 .34291 .041770 .11092 
Com .60601 .092778 .34422 .041553 .11004 
Oats .01049 .001609 .00591 .000721 .00196 
Barley .00692 .001093 .00361 .000489 .00141 
A^ll prices are in dollars per quantity unit given in Table 4, and 
quantity changes are in 10,000 units. 
I^ncludes cream. 
Siilk used in evaporated and condensed milk, cheese, ice cream, and 
butter. 
S^oybean oil and cottonseed oil. 
I 
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Oils Wheat Com Oats Barley Intercept 
.00405 
.00022 
.00426 
.00092 
.51823 
-1.03415 
.00363 
.00124 
.00022 
.00000 
.094859 
.005177 
.099752 
.006461 
.130204 
.002517 
.909694 
.165879 
.002868 
.001594 
.038279 
.002089 
.040254 
.004346 
.050699 
.001129 
.068617 
-1.949440 
.001052 
.001072 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.010338 
.010616 
.044385 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.935958 
2373.777 
133.760 
2037.064 
553.280 
1539.900 
115.030 
516.610 
273.720 
38.230 
92.77 
Table 44. Market area 7, farm-level demand for food: slope coefficients 
showing the effects of a one-unit change in the farm price of 
the commodity at the head of the column on the demand for 
commodity at the left; and intercept terms including exports 
Farm 
product Cattle Calves Hogs 
Fluid 
milk° 
Mfg. 
milk^  
Cattle -16.10395 .798567 1.63229 .000917 .04491 
Calves .32911 -1.209509 .16220 0.000000 .00245 
Hogs 2.24935 .538303 -13.03155 .000964 .04722 
Fluid miIk^  .04493 .006974 .02581 -.451320 .03554 
Mfg. milk^  .41610 .064347 .23662 .328277 -9.16476 
Oils^  .01056 .001630 .00599 .000730 .08237 
Wheat .19108 .029363 .10796 .013151 .03492 
Com . 19080 .029210 .10837 .013083 .03464 
Oats .00330 .000507 .00186 .000227 .00062 
Barley .00218 .000344 .00114 .000154 .00044 
A^ll prices are in dollars per quantity unit given in Table 4, and 
quantity changes are in 10,000 units. 
I^ncludes cream. 
^Milk used in evaporated and condensed milk, cheese, ice cream, and 
butter. 
^Soybean oil and cottonseed oil. 
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Oils Wheat Com Oats Barley Intercept 
.00128 
0.00000 
.00134 
.00029 
.16316 
-.32559 
.00114 
.00039 
0.00000 
.00000 
.029865 
.001630 
.031406 
.002034 
.040993 
.000793 
.286407 
.052225 
.000903 
.000502 
.012052 
.000658 
.012673 
.001368 
.015962 
.000355 
.021603 
.613760 
.000331 
.000338 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.003255 
.003342 
.013974 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.294676 
747.540 
42.112 
641.330 
174.190 
431.090 
36.179 
132.110 
86.180 
12.040 
29.210 
Table 45. Market area 8, farm-level demand for food: slope coefficients 
showing the effect of a one-unit change in the farm price of 
the commodity at the head of the column on the demand for 
commodity at the left; and intercept terms including exports 
Farm 
product Cattle Calves Hogs 
Fluid 
milk" 
Mfg. 
milk^  
Cattle -41.62651 2.064183 4.21924 .002371 .11608 
Calves .85071 -3.126416 .41927 .000129 .00633 
Hogs 5.81426 1.391439 -33.68475 .002493 .12206 
Fluid milk^  .11614 .018026 .06672 -1.166599 .09186 
Mfg. milk*" 1.07557 .166328 .61164 .848551 -23.68962 
Oils^  .02729 .004214 .01547 .001887 .21292 
Wheat .49391 .075899 .27907 .033993 .09027 
Com .49318 .075505 .28013 .033817 .08955 
Oats .00854 .001309 .00481 .000586 .00160 
Barley .00563 .000889 .00294 .000398 .00115 
A^ll prices are in dollars per quantity unit given in Table 4, and 
quantity changes are in 10,000 units. 
I^ncludes cream. 
''Milk used in evaporated and condensed milk, cheese, ice cream, and 
butter 
^Soybean oil and cottonseed oil. 
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Oils Wheat Com Oats Barley Intercept 
.00330 
.00018 
.00347 
.00075 
.42174 
-.84160 
,00296 
.00101 
.00018 
.000000 
.077198 
.004213 
,081179 
.005258 
.105962 
.002049 
.740323 
.134995 
.002334 
.001297 
.031152 
.001700 
.032759 
.003537 
.041260 
.000919 
.055841 
-1.586485 
.000856 
.000873 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.008413 
.008640 
.036122 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.000000 
.761698 
1932.30 
108.850 
1657.800 
450.270 
1114.300 
93.373 
1443.480 
222.760 
31.110 
75.500 
Table 46. Market area 9, farm-level demand for food: slope coefficients 
showing the effect of a one-unit change in the farm price of 
the commodity at the head of the column on the demand for 
commodity at the left; and intercept terms including exports 
Farm 
product Cattle Calves Hogs 
Fluid 
milk® 
Mfg. 
milk^  
Cattle -24.55607 1.217691 2.48899 .001398 .06848 
Calves .50185 -1.844317 .24733 0.000000 .00374 
Hogs 3.42991 .820830 -19.87110 .001471 .07201 
Fluid milk^  .06851 .010634 .03936 -.688194 .05419 
Mfg. milk^  .63449 .098119 .36081 .500573 -13.97485 
Oils^  .01610 .002486 .00913 .001113 .12561 
Wheat .29137 .044774 .16463 .020053 .05325 
Corn .29094 .044541 .16525 .019949 .05283 
Oats .00504 .000772 .00284 .000346 .00094 
Barley .00332 .000525 .00173 .000235 .00068 
A^ll prices are in dollars per quantity unit given in Table 4, and 
quantity changes are in 10,000 units. 
I^ncludes cream. 
Slilk used in evaporated and condensed milk, cheese, ice cream, and 
butter. 
S^oybean oil and cottonseed oil. 
\ 
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Oils Wheat Com Oats Barley Intercept 
.00195 
.00011 
.00205 
.00044 
.24879 
-.49647 
.00174 
.00060 
.00011 
0.00000 
.045540 
.002485 
.047889 
.003102 
.062509 
.001209 
.436727 
.079635 
.001377 
.000765 
.018377 
.001003 
.019325 
.002086 
.024340 
.000542 
.032942 
.935891 
,000505 
.000515 
.000000 
.000000 
.000000 
.000000 
0.000000 
0.000000 
.004963 
.005097 
-.021309 
0.000000 
.000000 
.000000 
.000000 
.000000 
0.000000 
0.000000 
0.000000 
0.000000 
0.000000 
-.449337 
1139.900 
64.214 
977.930 
265.620 
657.340 
55.102 
201.450 
131.410 
18.340 
44.540 
Table 47 .  Market area 10, farm-level demand for food: slope coefficients 
showing the effect of a one-unit change in the farm price of 
the commodity at the head of the column on the demand for 
commodity at the left; and intercept terms including exports 
Farm 
product Cattle Calves Hogs 
Fluid 
milk" 
Mfg. 
milk^  
Cattle -74.43157 3.690927 7.54433 .004239 .20756 
Calves 1.52114 -5.590286 .74969 .000231 .01133 
Hogs 10.39636 2.488006 -60.23104 .004457 .21826 
Fluid milk^  .20766 .032232 .11931 -2.085973 .16425 
Mfg. milk^  1.92320 .297407 1.09365 1.517277 -42.35896 
Oils^  .04880 .007535 .02767 .003375 .38072 
Wheat .88316 .135714 .49900 .060783 .16140 
Corn .88185 .135008 .50090 .060467 .16012 
Oats .01526 .002341 .00860 .001048 .00285 
Barley .01006 .001590 .00526 .000712 .00205 
A^ll prices are in dollars per quantity unit given in Table 4, and 
quantity changes are in 10,000 units. 
I^ncludes cream. 
''Milk used in evaporated and condensed milk, cheese, ice cream, and 
butter. 
^Soybean oil and cottonseed oil. 
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Oils^  Wheat Corn Oats Barley Intercept 
.00590 .138036 .055703 0.000000 0.000000 3469.202 
.00032 .007533 .003040 0.000000 0.000000 194.640 
.00620 .145155 .058576 0.000000 0.000000 2964.407 
.00134 .009402 .006324 0.000000 0.000000 805.110 
.75411 ,189469 .073775 0.000000 0.000000 2163.200 
-1.50486 .003663 .001643 0.000000 0.000000 163.500 
.00529 -1.323758 .099849 .015044 0.000000 1268.600 
.00181 .241382 -2.836764 .015448 0.000000 398.320 
.00032 .004173 .001531 -.064588 0.000000 55.630 
0.00000 .002320 .001560 0.000000 -1.361976 135.000 
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VIII. APPENDIX C. CROP DATA 
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Table 48 . Estimated 1965 per acre crop yields 
Pro-  ^ Grain , Tame Wild 
ducing Wheat Com Oats Barley^  sorghum Soybeans Silage hay hay Pasture 
region (bu.) (bu.) (bu.) (bu.) (bu.) (bu.) (ton) (ton) (ton) (AUM) 
1 30.0 57.2* 47.6* 37.5* — — 17.7 4.07 1.89 - - 2.30 
2 29.0 66.3* 46.2* 50.5* — — 27.0 4.14 1,85 - - 2.30 
3 25.5 60.1* 44.0* 40.8* — — 26.8 4.22 1.86 - - 2,30 
4 " — 57.8* 42.9* — — — — — — 4.36 1.55 - - 2.10 
5 25.3 44.9 40.3 41.3 29.3 3.94 1.51 - - 1.98 
6 30.3 60,9* 44.3* 39.3* 24.9 4.40 1.53 1.98 
7 28.1 51.0* 38.5* 41.4* — — 23.9 4.09 1.25 — 1.98 
8 31.2 56.0* 42.7* 38.9* — — 28.0 4.21 1,13 - -  .  1.98 
9 25.6 39.1 34.5* 40.7* — — 20.8 5.87 1.23 — 1.98 
10 27.2 41.4 36.4 28.3 25.4 4.27 1.32 — 1.84 
11 29.7 49.7 40.3 32.4 27.2 5.05 1.56 - _ 1.84 
12 27.7 61.1* 41.7 37.4 — — 27.5 4.70 1.66 — 1.84 
13 22.7 46.0 34.2 28.6 — — 19.6 3.92 1.37 - - 1.84 
14 28.6 36.5* 35.0 32.9* — — 26.5 3.46 1.12 - - 2.29 
15 26.4 46.4* 33.2* 34.3* 30.4 4.15 1.35 - - 2.29 
16 30.4* 32.7* 25.4 0.94 1.87 
17 27.0 42.2* 34.6 — — 42.3 31.6 2.99 1.27 — 2.29 
18 26.6 26.5 37.9 — — 27.5 23.9 3.03 1.07 - - 2.29 
19 27.1 31.0 44.1* — — 33.3 26.0 3.13 1.26 - - 2.29 
20 27.9 27.9 39.5* 39.7* 27.3 18.8 3.29 1.30 — 2.29 
21 21.3 35.9* 39.8 32.4 25.2 4.30 1.31 1.78 
22 23.1 35.3* 42.0* — — — — 24.6 2.77 1.71 1 .74 1.78 
23 18.2 29.4 30.8 — — 29.9 28.7 4.20 1.56 — 1.78 
24 30.4 38.1* 47.7* — — 28.0 26.0 3.60 1.42 - - 1.78 
25 31.5 30.9* 43.9* - - 17.8 23.5 4.11 1.26 1 
00 
1.78 
26 27.8 29.6 35.3* 29.2 20.7 4.11 1.30 1.78 
27 33.2 61.1 37.0 33.2 59.8 27.5 3.04 1.87 1 .66 2.58 
28 26.2 70.6 43.9 33.6 — — 25.0 4.21 1.66 - - 2.74 
29 35.3 72.3 58.7 42.9 — — 26.3 4.66 1.94 — 2.74 
30 35.3 79.3 61.6 39.4 29.1 4.21 1.94 — 2.74 
31 34.4 68.6* 48.8 36.0 27.1 5.63 1.71 2.74 
32 30.4 61.9 38.0 31.5 — — 24.9 6.23 1.63 — 2.58 
33 41.3 78.0* 55.0 33.2 — — 31.1 4.88 1.87 — 2.74 
34 36.9 86.9* 56.1* 36.8 — — 33.8 3.78 2.51 — 2.58 
35 39.1 86.5* 52.9* — — 35.3 5,65 2.01 — 2.58 
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Table 48. (Continued) 
Pro-  ^  ^ Grain .Tame Wild 
ducing Wheat Corn^  Oats^  Barley^  sorghum Soybeans Silage hay hay Pasture 
region (bu.) (bu.) (bu.) (bu.) (bu.) (bu.) (ton) (ton) (ton) (AUM) 
36 31.6 56.9 36.9 33.6* - •  25.9 8.35 1.55 -- 2.58 
37 29.5 50.1 35.7 34.7* 61 .3 19.0 4.64 1.61 1.83 2.58 
38 34.8 69.5* 38.3 34.6 80 .1 31.2 3.67 1.69 — — 2.58 
39 28.5 68.0* 38.5 34.0 -• 29.6 6.59 1.94 — — 2.58 
40 31.2 77.1* 46.7* 41.5* -• 30.6 4.90 2.38 2.58 
41 28.7 79.1* 56.7* 38.7* 26.5 4.57 2.35 2.58 
42 22.5 41.6 34.3 28.6 47 .5 16.5 4.07 1.38 1.53 2.58 
43 37.7 72.0* 54.0 42.9 - •  25.6 3.69 1.87 2.21 
44 27.6 55.5 52.8 41.4 -• 18.3 4.75 1.97 1.12 2.85 
45 35.6 74.7* 63.9* 45.8* - •  23.4 3.63 2.93 1.59 2.85 
46 27.3 60.9* 52.0* 32.2* 22.7 3.46 2.74 1.21 2.85 
47 30.7 73.6* 58.5* 36.0* 25.8 3.50 2.66 1.45 2.85 
48 26.4 46.1 49.4* 33.1* - •  17.5 4.81 2.06 0.97 2.85 
49 23.4 46.8 33.0 28.1 - •  12.8 4.74 2.09 1.01 2.39 
50 28.1 40.2* 50.5* 34.6* — 14.0 1.22 1.67 0.97 1.72 
51 22.1 34.4 40.8* 29.9* 14.4 1.65 1.48 0.92 1.72 
52 18.9 27.1 35.2 25.3* — — 2.01 1.25 0.77 1.72 
53 21.2 22.8 31.4 27.0 25 .5 11.1 3.30 1.03 0.67 1.76 
54 20.3 28.4 37.4* 26.7 - •  12.1 2.97 1.18 0.66 1.72 
55 20.7 40.7 45.3 33.8 -• 16.2 1.80 1.44 0.94 1.72 
56 21.6 49.8* 42.7* 32.7 20.9 1.55 1.80 1.00 1.72 
57 26.0 57.5* 35.8 33.3 85 .7 28.0 3.65 2.33 1.20 2.09 
58 28.5 50.8 33.6 30.6 35 .3 — — 4.43 1.91 0.84 2.09 
59 23.9 58.3* 31.7 26.6 77 .9 32.8 4.14 2.14 0.82 2.09 
60 26.1 45.4 27.5 28.2 56 .7 28.8 5.15 2.15 0.94 2.09 
61 36.1 56.1* 32.5 38.7 65 .1 27.6 2.02 2.38 1.91 2.09 
62 38.9 38.5 32.8 40.1 54 .1 23.7 3.64 2.31 1.80 2.09 
63 36.2 49.3 30.1 35.2 51 .8 22.2 3.66 2.27 1.71 2.09 
64 28.3 41.0 24.0 30.7 46 .0 23.3 3.51 2.27 1.77 2.09 
65 27.3 39.7 23.3 30.6 39 .6 22.7 4.06 2.48 . 1.90 2.09 
66 24.3 81.9* 17.0 27.3* 37.2 — — 3.56 2.68 1.89 2.09 
67 30.8 32.1 30.4 33.1* 35.2 16.3 2.74 1.75 1.61 1.76 
68 24.0 24.1 25.0 10.2 27.7 - - 3.35 1.73 1.58 , 1.76 
69 28.2 32.6 28.3 26.1 37.3 24.1 2.82 1.80 1.51 1.76 
70 25.4 56.7* 21.8* 27.5* 67.9 33.0 2.70 2.85 1.12 1.76 
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Table 48. (Continued) 
Pro- a a a Grain .Tame Wild ; 
ducing Wheat Corn Oats Barley sorghum Soybeans Silage hay hay Pasture 
region (bu.) (bu.) (bu.) (bu.) (bu.) (bu.) (ton) (ton) (ton) (AUM) 
71 20.4 19.1 25.7* 20.0 25.3 — — 5.33 1.42 1.35 1.76 
72 22.1 30.8 28.1* 25.1* 33.9 23.6 3.46 3.23 0.76 1.76 
73 19.6 19.3 24.2 20.2 26.0 31.4 5.51 0.83 1.15 1.76 
74 26.0 28.3* 28.5 26.1 43.1 18.4 3.73 1.08 1.67 1.76 
75 17.5 29.9* 29.8 18.0 51.2 3.17 1.22 1.67 1.76 
76 16.6 38.2* 41.0 4.18 1.11 1.48 1.76 
77 — — 29.1 26.7 — — 37.0 24.9 3.91 1.15 1.55 1.76 
78 — — 40.5 34.7 — — 50.7 2.77 2.33 2.08 1.76 
79 17.9 20.2 30.9* 24.3* 44.5 — — 4.21 1.59 4.38 1.76 
80 17.4 26.7 22.6 19.8 31.3 
— 
4.40 0.92 1.29 1.76 
81 — —, 50.4 34.1 50.3 65.8 35.6 1.80 2.99 1.69 1.76 
82 22.2 24.3 23.6 23.0 22.9 22.5 3.02 1.53 1.48 1.76 
83 30.2 78.9* 38.8* 38.0 37.3 — — 4.45 2.23 1.15 2.59 
84 22.1 43.9 34.6* 27.6* — — — — 5.15 1.33 0.77 2.27 
85 25.2 66.8 38.0 27.1 3.38 1.72 0.98 2.27 
86 21.0 48.8 30.8 24.1 3.80 1.22 0.83 2.43 
87 24.1 28.9* 22.5 22.2* 22.7 — — 8.71 1.53 1.30 2.59 
88 19.3 51.4* 32.6* 25.2 29.9 — — 3.87 2.00 1.27 2.59 
89 16.9 26.8 40.9 28.9 15.0 — — 5.72 3.09 0.95 2.26 
90 34.0 47.1 32.6 6.70 2.65 1.26 2.27 
91 28.3 82.1* 55.2 51.3 5.58 3.11 1.36 1.93 
92 43.6 — — 41.1 37.3 — — — — 12.02 1.54 1.28 2.27 
93 24.9 50.6 61.1 58.6* 35.5 — — 4.39 5.07 . 0.53 2.26 
94 55.4 38.3 17.9 57.0* 97.6 — — 15.16 4.37 0.18 2.26 
95 35.7 66.8 48.1* 31.2 — — mm — 6.52 2.66 1.17 2.27 
96 17.7 21.9 27.3 34.8 38.9 6.41 2.80 — — 2.26 
97 16.2 56.7 40.9 39.8 — — 6.84 2.41 1.11 1.93 
98 40.4 113.4* 43.8* 46.2* — — 5.69 2.17 1.32 2.57 
99 32.2 87.7* 38.3* 39.9* — — 6.15 2.53 1.41 2.57 
100 27.3 78.2* 36.8* 27.8 42.2 - - 4.95 1,29 2.37 
101 48.1 73.3 37.5 32.5 31.7 4.44 2.37 
102 i 29.5 78.8 40.7* 35.3* — — 6.37 2.18 1.30 2.57 
103 19.4 87.9* 29.2 37.8* 83.4 - — — — 3.19 1.14 2.37 
indicates that a food production activity is defined. 
^Roughage equivalent; .multiply by 2.778 to get tons of silage. 
4>ource: Brokken (4). 
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Table 49. Estimated 1965 crop production costs in dollars per acre 
Producing ^ ^ Grain Tame Wild 
region Wheat Com Oats Barley^ sorghum Soybeans Silage hay hay 
1 42.93 51.55* 48.10* 38. 18* — 36.22 65.54 23.23 
2 40.16 47.52* 36.64* 29. 35* - - 38.36 61.61 23.71 
3 37.43 33.34* 29.95* 33. 47* - - 35.42 49.81 21.05 
4 — — 53.53* 52.43* - - — — 68.25 25.05 
5 54.33 67.61 53.22 54. 50 
- - 47.92 74.22 20.03 
6 38.85 50.28* 37.05* 38. 96* 38.99 71.15 18.80 
7 44.20 51.69* 32.91* 38. 30* - - 38.93 60.93 17.91 
8 40.26 51.80* 30.48* 35. 13* — 32.00 63.55 19.70 
9 32.36 40.24 23.65* 27. 43* 28.95 63.44 17.91 
10 47.02 50.15 37.82 40. 69 - - 34.03 52.38 16.27 
11 49.65 58.90 43.57 42. 28 40.99 62.88 18.85 
12 49.13 50.04* 42.37 39. 40 - - 30.12 61.49 19.68 
13 55.17 58.60 46.63 49. 65 44.41 58.34 17.38 
14 44.25 59.83* 37.74 36. 05* 45.91 60.97 18.75 
15 43.55 58.40* 34.62* 37. 29* - - 33.79 63.34 17.97 
16 47.49* 33.14* 39.90 11.05 
17 39.71 69.48* 46.45 - - 48. 81 40.01 60.87 18.00 
18 39.61 57.48 43.32 50. 13 40.01 50.57 15.60 
19 45.20 68.62 47.39* 11. 05 52.80 59.54 16.35 
20 44.41 60.34 38.02* 37. 70* 19. 32 58.08 60.67 15.68 
21 37.23 51.74* 43.56 34. 83 36.60 47.98 14.80 
22 41.13 42.93* 29.64* - - 23.50 44.33 19.87 
23 51.06 57.44 42.82 - - 54. 47 54.79 57.47 16.40 
24 37.82 50.78* 34.07* - - 43. 66 32.28 43.72 17.50 
25 37.01 48,85* 29.33* 
— 
42.59 34.76 50.59 14.77 
26 49.18 56.59 37.07* 20. 12 40.21 56.04 15.31 
27 32.45 34.79 24.11 24. 81 21. 58 18.68 37.31 16.53 
28 41.49 50.93 48.07 34. 64 33.93 51.10 20.39 
29 48.18 53.54 45.13 41. 40 34.33 56.57 21.21 
30 41.15 50.59 37.44 34. 80 - - 30.81 48.96 20.85 
31 37.93 37.99* 32.03 27. 67 24.87 40.84 20.29 
32 37.64 35.19 29.36 22. 26 - - 23.23 52.58 19.53 
33 38.66 41.69* 32.22 27. 45 - - 29.27 48.51 21.13 
34 37.00 40.08* 29.02* 25. 78 28.88 42.45 23.80 
35 33.71 31.30* 22.11* — 22.37 46.25 21.66 
12.65 
13.37 
10.39 
I 
Table 49. (Continued) 
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Producing Grain Tame Wild 
region IVheat Com Oats Barley sorghum Soybeans Silage hay hay 
36 35.98 36.03 23.04 19.82* - •  25.13 59.93 18.43 
37 31.18 34.08 21.64 22.90* 55 .08 20.84 45.33 15.20 11.47 
38 31.70 33.04* 22.41 29.11 65 .99 20.17 39.59 16.94 
39 29.70 35.82* 20.84 27.52 -• 25.63 50.86 17.81 
40 26.38 32.25* 16.87* 19.10* 24.37 42.49 20.53 
41 30.25 35.97* 18.69* 19.92* 25.72 44.28 20.46 — —  
42 30.09 34.08 21.91 24.81 56.64 18.66 43.77 13.89 9 .59 
43 46.52 47.17* 45.31 42.10 34.42 50.44 20.03 — —  
44 37.14 47.63 35.80 29.92 — 38.50 58.97 18.74 6.64 
45 36.25 44.64* 30.96* 23.44* 34.86 49.49 22.60 9.40 
46 29.45 29.01* 16.17* 18.02* 21.20 35.60 18.84 6.51 
47 34.05 35.57* 24.95* 22.24* 19.96 40.66 19.71 7.78 
48 20.66 30.36 20.55* 17.30* 23.87 43.77 15.71 5.22 
49 45.87 47.32 43.83 37.89 34.42 51.58 19.73 4.66 
50 16.19 24.12* 18.35* 15.89* — 26.86 24.22 13.61 5.86 
51 12.57 
52 12.92 
53 13.94 
54 15.81 
55 22.51 
22.95 12.51* 
22.23 13.07 
19.14 13.56 
17.75 13.19* 
26.78 20.87 
11.80* 
12.34* 
15.13 48.60 
15.72 
24.12 
26.68 26.73 
27.13 
33.26 33.15 
22.96 30.41 
23.97 26.99 
12.54 5.58 
11.49 4.66 
12.11 5.07 
13.16 5.27 
14.82 7.54 
56 22.26 
57 21.07 
58 12.17 
59 17.68 
60 11.08 
25.17* 15.29* 
30.94* 16.85 
36.91 20.09 
35.87* 24.43 
32.76 18.54 
22.94 
17.00 34.06 
21.37 31.34 
23.24 49.80 
16.99 38.81 
18.89 26.09 
19.15 41.59 
48.97 
25.35 46.95 
18.20 51.39 
17.79 8.02 
20.80 8.68 
19.70 6.25 
19.76 5.95 
20.53 6.82 
61 35.30 
62 38.01 
63 36.55 
64 20.32 
65 13.84 
66 7.80 
67 19.54 
68 11.49 
69 15.81 
70 9.60 
31.16* 23.86 
37.77 25.00 
36.22 23.83 
29.87 20.87 
23.51 15.74 
29.76* 10.84 
34.98 17.00 
21.55 12.24 
28.54 14.76 
29.41* 6.42* 
23.36 28.59 
24.52 35.05 
29.24 33.37 
20.03 30.20 
15.30 21.24 
11.52* 15.54 
15.67* 30.73 
10.64 16.13 
13.07 21.56 
8.25* 24.80 
29.03 30.53 
28.41 40.17 
24.90 40.13 
24.90 36.55 
24.90 35.92 
33.29 
28.78 40.01 
35.30 
28.78 41.56 
52.94 34.25 
20. 27 12 .68 
19. 31 11 .95 
18. 95 11 .32 
18. 73 11 .73 
20. 71 12 .60 
23. 73 12 .55 
18. 34 12 .12 
18. 63 11 .93 
18. 64 11 .42 
37. 12 7 .73 
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Table 49.  (Continued) 
Producing a a a Grain Tame Wild 
region Wheat Com Oats Barley sorghum Soybeans Silage hay hay 
71 10.82 
72 10.05 
73 13.84 
74 14.20 
75 12.15 
76 15.15 
77 
78 
79 12.27 
80 21.62 
81 
82 29.11 
83 10.85 
84 8.11 
85 11.47 
86 13.53 
87 7.86 
88 8.92 
89 10.22 
90 20.17 
91 16.27 
92 20.91 
93 46.48 
94 26.61 
95 20.14 
96 51.58 
97 14.77 
98 17.90 
99 11.85 
100 11.52 
101 26.35 
102 10.89 
103 12.44 
14. 62 8.63* 
27. 62 7.54* 
16. 63 9.82 
18. 44* 13.34 
17. 16* 10.63 
21. 19* 
24. 82 9.66 
28. 31 13.94 
17. 36 7.56* 
33. 28 16.41 
39. 25 18.94 
32. 35 26.39 
39. 46* 16.94* 
82. 25 10.08* 
94. 81 20.80 
73. 83 19.57 
22. 48* 10.37 
36. 05* 14.63* 
37. 20 30.24 
— 35.11 
94. 56* 44.91 
— 22.81 
69. 07 33.39 
83. 58 29.20 
98. 23 21.28* 
80. 59 34.83 
75. 36 29.15 
88. 13* 20.39* 
30. 20* 16.41* 
62. 87* 11.92* 
64. 90 23.00 
102. 35 17.50* 
76. 88* 15.80 
10. 28 14 .52 
9. 27* 16 .38 
12. 12 15 .62 
14. 06 23 .95 
12. 33 19 .32 
24 .59 
- - 24.09 
- - 27 .56 
10. 88* 18 .81 
20. 90 30 .50 
24. 43 34 .22 
24. 46 31 .77 
19. 31 26 .25 
10. 57* 
17. 65 
— 
21. 07 
10. 70* 18 .45 
16. 06 29 .63 
27. 53 39 .89 
27. 55 -• 
41. 96 
22. 32 - •  
29. 05* 52 .23 
25. 74* 38.39 
21, 14 
-• 
29. ,78 55 .23 
27. 77 
21. 10* 
21. 76* - •  
18. 02 30 .28 
21. 78 36 .74 
17. 93* 
18.10* 52.31 
42.74 
60.94 35.08 
31.80 45.00 
28.78 33.73 
30.42 
36.69 
35.89 33.90 
28.19 
36.76 
37.01 
82.13 24.91 
28.78 42.03 
51.69 
75.00 
71.64 
— 75.16 
68.13 
51.32 
61.05 
70.58 
68.53 
118.22 
51.12 
120.50 
64.26 
— 60.04 
69.99 
78.03 
101.75 
59.92 
58.07 
83.96 
58.07 
16.77 9.33 
43.85 5.24 
10.84 7.94 
12.67 11.92 
13.42 11.50 
12.44 10.21 
13.17 10.67 
29.56 14.35 
18.95 30,22 
11.70 8.90 
37.12 11.66 
16.58 11.17 
28.33 12.34 
19.53 7.33 
25.44 10.01 
20.01 8.47 
20.62 11.76 
28.32 13.67 
49.60 21.68 
39.47 15.88 
49.13 16.35 
24.27 12.44 
58.14 15.69 
67.22 13.08 
37.34 13.59 
40.80 
34.30 13.67 
35.75 16.22 
39.29 15.26 
55.17 ^1.12 
81.26 
37.08 18.32 
48.49 14.38 
indicates that a food production activity is defined. 
Source: Brokken (4). 
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Table 50. Weighting factors for crops in the feed-grain rotation^ 
Producing Grain 
region Com Oats Barley sorghum 
1 .425 .539 .036 
2 .582 .276 .142 — — 
3 .855 .050 .095 — — 
4 .093 .907 — — — — 
5 .790 .131 .079 
6 .906 .060 .034 
7 .673 .282 .044 — — 
8 .907 .084 .009 — — 
9 .485 .470 .045 — — 
10 .923 .057 .020 
11 .900 .054 .046 
12 .884 .046 .070 — — 
13 .897 .074 .029 — — 
14 .849 .147 .004 — — 
15 .680 .277 .043 - -
16 .955 .045 » 
17 .890 .109 ~ — .001 
18 .954 .041 — — .005 
19 .936 .052 — — .012 
20 .836 .152 .004 .008 
21 .948 .049 .003 
22 .920 ,080 — — — — 
23 .870 .122 — — .007 
24 .662 .325 — — .013 
25 .668 .308 .024 
26 .889 .104 .007 
27 .878 .080 .035 .007 
28 .902 .073 .025 — — 
29 .685 .302 .013 
30 .757 .233 .010 
31 .889 .087 .024 » M 
32 .938 .043 .019 — — 
33 .779 .218 .003 
34 .682 .316 .002 
35 .729 .271 — — 
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Table 50. CContinued) 
Producing Grain 
region Com Oats Barley sorghum 
36 
37 
38 
39 
40 
,848 
.552 
,789 
.683 
.660 
,119 
.286 
.169 
.316 
.339 
.033 
.086 
.010 
.001 
.001 
.076 
.032 
41 
42 
43 
44 
45 
.568 
.657 
.543 
,362 
,458 
.423 
.298 
.420 
.628 
.510 
.009 
.029 
.037 
.010 
.032 
.016 
46 
47 
48 
49 
50 
.568 
,578 
.202 
.309 
.147 
.382 
.411. 
.502 
.652 
.225 
.050 
.011 
.296 
.039 
.628 
51 
52 
53 
54 
55 
.180 
.298 
.469 
.492 
.401 
.318 
.319 
.345 
.419 
.486 
.502 
.383 
.155 
.089 
.113 
.031 
56 
57 
58 
59 
60 
.557 
.624 
.451 
.784 
.651 
.408 
.250 
.251 
.066 
.046 
.035 
.007 
.215 
.040 
.029 
.119 
.083 
.110 
.274 
61 
62 
63 
64 
65 
.668 
.512 
.446 
.419 
.153 
,178 
.201 
.248 
.181 
.120 
.009 
.058 
.107 
.057 
.066 
.145 
.229 
.199 
.343 
.661 
66 
67 
68 
69 
70 
.011 
.103 
.019 
.134 
.006 
.005 
.327 
.071 
.341 
.036 
.037 
.335 
.245 
.154 
.049 
.947 
.235 
.665 
.371 
.909 
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Table 50. (Continued) 
Producing Grain 
region Com Oats Barley sorghun 
71 .014 .190 .032 .764 
72 .006 .002 .006 .986 
73 .439 .367 .051 .143 
74 .560 .191 .014 .235 
75 .452 .034 .003 .511 
76 .641 .359 
77 .902 .036 — — .1062 
78 .118 .003 —  —  .879 
79 .574 .004 .001 .421 
80 .401 .454 .023 .122 
81 .039 .131 .198 .632 
82 .457 .362 .022 .159 
83 .242 .292 .436 .030 
84 .095 .126 .779 
85 .027 .231 .742 
86 .291 .335 .374 
87 .390 .058 .225 .327 
88 .163 .035 .122 .680 
89 .023 .004 .017 .956 
90 .144 .856 — 
91 .014 .132 .854 
92 —  —  .286 .714 —  —  
93 .147 .102 .412 .339 
94 .011 .013 .639 .337 
95 .049 .425 .526 
96 .601 .219 .156 .024 
97 .023 .282 .695 —  —  
98 .005 .116 .879 — —  
99 .082 .134 .784 —  —  
100 .051 .025 .857 .067 
101 .011 .007 .888 .094 
102 .021 .593 .386 —  —  
103 .010 .125 .843 .002 
^Based on 1950-60 average acreages. 
Source: Brokken (4). 
172 
Table 51. Weighting factors for crops in the feed grain - soybean and 
feed grain - silage rotations 
Feed grain - soybean rotation^ Feed grain - silage rotation^ 
Producing Feed Feed 
region grains Soybeans grains Silage 
1 .990 .010 .652 .348 
2 -970 .030 .869 .131 
3 .597 .403 .924 .076 
4 — — — — .607 .393 
5 .846 .154 .910 .090 
6 .493 .507 .980 .020 
7 .896 .104 .963 .037 
S .699 .301 — — — — 
9 .844 .156 .954 .046 
10 .588 .412 .948 .052 
11 .845 .155 .980 .020 
12 .777 .223 .954 .046 
13 .975 .025 .968 .032 
14 .715 .285 .988 .012 
15 .823 .177 .986 .014 
16 .823 .177 M — 
17 .306 .694 .960 .040 
18 .976 .024 — — — — 
19 .882 .118 
20 .812 .188 .979 .021 
21 .689 .311 .977 .023 
22 .042 .958 .969 .031 
23 .361 .639 .973 .027 
24 .053 .947 .979 .021 
25 .141 .859 .921 .079 
26 .514 .486 .975 .025 
27 .417 .583 .977 .023 
28 .754 .246 .953 .047 
29 .848 .152 .560 .440 
30 .640 .360 .969 .031 
31 .633 .367 .916 .084 
32 .568 .432 .974 .026 
33 .640 .360 .976 .024 
34 .811 .189 .976 .024 
35 .608 .392 .986 .014 
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Table 51. (Continued) 
Feed grain - soybean rotation^ Feed grain - silage rotation*" 
Producing Feed Feed 
region grains Soybeans grains Silage 
36 .447 .553 .896 .104 
37 .739 .261 .921 .079 
38 .600 .400 .968 .032 
39 .745 .255 .976 .024 
40 .698 .302 .982 .018 
41 .794 .206 .949 .051 
42 .888 .112 .937 .063 
43 .864 .136 .843 .157 
44 .972 .028 .771 .229 
45 .971 .029 .855 .145 
46 .686 .314 .968 .032 
47 .743 .257 .887 .113 
48 .882 .118 .893 .107 
49 .553 .447 .837 .163 
50 .918 .082 .931 .069 
51 .985 .015 .907 .093 
52 — — — — .877 .123 
53 .990 .010 .892 .108 
54 .990 .010 .924 .076 
55 .943 .057 .927 .073 
56 .925 .075 .974 .026 
57 .900 .100 .967 .033 
58 — — — — .895 .105 
59 .985 .015 .938 .062 
60 .990 .010 .945 .055 
61 .828 .172 .952 .049 
62 .663 .337 .892 .108 
63 .747 .253 .935 .065 
64 .969 .031 .904 .096 
65 .971 .029 .895 .105 
66 .952 .048 
67 .953 .047 .945 .055 
68 — — — .966 .034 
69 .956 .044 .938 .062 
70 .990 .010 .976 .024 
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Table 51. (Continued) 
Feed grain - soybean rotation^ Feed grain - silage rotation^ 
Producing Feed Feed 
region grains Soybeans grains Silage 
71 .974 .026 
72 .990 .010 .985 .015 
73 .990 .010 .986 .014 
74 .979 .021 .967 .033 
75 .973 .027 
76 .969 .031 
77 -990 .010 — — 
78 — — —— .797 .203 
79 — — — — .864 .136 
80 .942 .058 
81 .990 .010 .674 .326 
82 .657 .343 .961 .039 
83 — — — — .850 .150 
84 — — — — .959 .041 
85 -- .988 .012 
86 .894 .106 
87 .869 .131 
88 — — .915 .085 
89 — — — — .967 .033 
90 .978 .022 
91 .789 .211 
92 — — — — — — — — 
93 —• — — — .776 .224 
94 — — — — — — ~ — 
95 .860 .140 
96 .834 .166 
97 — — — — .823 .177 
98 — — — — — — — — 
99 — — — — .964 .036 
100 
101 
102 — — — — .947 .054 
103 
- -
— 
^Based on acreages from the 1964 census of agriculture. Source: 
Eyvindson (22). 
b Based on 1950-60 average acreages. Source: Brokken (4). 
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Table 52. Weighting factors for crops in the feed grain-hay and hay-
silage rotations 
Feed grain - hay rotation^ Hay - silage rotation^ 
Producing Feed Tame Tame 
region grain hay hay Si lag 
1 .255 .745 .881 .119 
2 .504 .496 .794 .206 
3 .729 .271 .780 .220 
4 .043 .957 .944 .056 
5 .306 .694 .942 .058 
6 .914 .086 .482 .518 
7 .596 .404 .966 .034 
8 .925 .077 .826 .174 
9 .679 .321 .976 .024 
10 .668 .332 .964 .036 
11 .651 .349 .958 .042 
12 .566 .434 .955 .045 
13 .394 .606 .985 .015 
14 .921 .079 .958 .042 
15 .605 .395 .987 .013 
16 .803 .197 mm mm — — 
17 .874 .126 
18 .803 .197 .913 .087 
19 .832 .168 .982 .018 
20 .694 .306 .972 .028 
21 .699 .301 .952 .048 
22 .830 .170 .928 .072 
23 .597 .403 .968 .032 
24 .776 .224 .962 .038 
25 .438 .562 .975 .025 
26 .383 .617 .982 .018 
27 .758 .242 .917 .083 
28 .623 .377 .926 .074 
29 .511 .489 .955 .045 
30 .765 .235 .906 .094 
31 .745 .255 .894 .106 
32 .885 .115 .881 .119 
33 .828 .172 .934 .066 
34 .823 .177 .940 .060 
35 .899 .101 .874 .126 
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Table 52. (Continued) 
Feed grain - hay rotation^ Hay - silage rotation^ 
Producing Feed Tame Tame 
region grain hay hay Silage 
36 .782 .218 .936 .064 
37 .701 .299 .937 .063 
38 .748 .252 .949 .051 
39 .775 .225 .940 .060 
40 .858 .142 .912 .088 
41 .802 .198 .942 .058 
42 .349 .651 .976 .024 
43 .652 .348 .829 .171 
44 .465 .535 .860 .140 
45 .576 .424 .761 .239 
46 .885 .115 .524 .476 
47 .720 .280 .748 .252 
48 .721 .279 .922 .078 
49 .325 .675 .961 .039 
50 .893 .107 .688 .312 
51 ,823 .177 .783 .217 
52 .548 .452 .757 .243 
53 .233 .767 .974 .026 
54 .553 .447 .918 .082 
55 .772 .228 .883 .117 
56 ,817 .183 .774 .226 
57 .873 .127 .805 .195 
58 .668 .332 .931 .069 
59 .717 .283 .905 .095 
60 .884 .116 .773 .227 
61 .788 .212 .773 .227 
62 .803 .197 .706 .294 
63 .797 .203 .842 .158 
64 .809 .191 .771 .229 
65 .881 .119 .705 .295 
66 .962 .038 .656 .344 
67 .800 .200 .879 .121 
68 .900 .100 .682 .318 
69 .674 .326 .871 .129 
70 .976 .024 .629 .371 
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Table 52. (Continued) 
Feed grain - hay rotation^ Hay - silage rotation^ 
Producing Feed Tame Tame 
region grain hay hay Silage 
71 .922 .078 .754 .246 
72 — — • — — .500 .500 
73 .665 .335 .911 .089 
74 .773 .227 .925 .075 
75 .934 .066 .711 .289 
76 .851 .149 .818 .182 
77 .615 .385 .846 .154 
78 .944 .056 .218 .782 
79 .836 .164 .504 .496 
80 .733 .267 .839 .161 
81 .537 .463 .890 .110 
82 .370 .630 .768 .232 
83 .341 .659 .881 .119 
84 .733 .267 .985 .015 
85 .587 .413 
86 .286 .714 .979 .021 
87 .793 .207 .631 .369 
88 .706 .294 .907 .093 
89 .923 .077 .974 .026 
90 .478 .522 
91 .344 .656 
92 .641 .359 — — — — 
93 .284 .716 .933 .067 
94 .580 .420 — — — — 
95 .230 .770 .954 .046 
96 .330 .670 .927 .073 
97 .212 .788 .954 .046 
98 .700 .300 — — — —  
99 .641 .359 — — — — 
100 .642 .358 
101 .404 .596 
102 .326 .674 .983 .017 
103 .509 .491 
^Based on 1959 county census data for tame hay and feed grain (com, 
oats, barley, and grain sorghum) acreages. Source: Eyvindson (22). 
^Based on 1950-60 average acreages. Source: Brokken (4). 
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Table 53 . Land resources in thousands of acres 
Producing Cropland Hayland Wild hay 
region land 
1 2869.6 7382.2 
2 2651.3 3967.5 
3 981.3 1238.8 
4 309.2 2246.9 
5 1640.9 3698.4 
6 1271.8 1376.3 
7 778.8 1179.2 
8 1997.9 2246.4 
9 267.0 382.3 
10 2463.1 3154.6 
11 1381.9 1957.6 
12 679.0 1068.0 
13 1456.4 3033.0 
14 5497.5 5956.7 
15 723.5 993.0 
16 570.5 632.0 
17 191.1 203.8 
18 1498.5 1678.0 
19 2081.0 2465.2 
20 1451.7 1849.4 
21 2728.7 3268.9 
22 387.6 431.6 0.8 
23 1409.7 1774.4 
24 3426.2 3754.7 
25 391.4 591.0 ' 64.9 
26 909.9 1547.6 
27 1523.1 1847.5 6.0 
28 606.6 877.4 
29 1601.3 2542.2 
30 5943.8 7353.6 
31 2317.8 2819.1 
32 755.5 826.5 
33 7162.3 8438.3 
34 7981.5 9756.5 
35 6458.4 7010.5 
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Table 53. (Continued) 
Producing Wild hay 
region Cropland Hayland land 
36 3220.6 3717.1 
37 1927.5 2434.6 111.0 
38 6541.7 8169.6 
39 4511.1 5708.3 
40 9462.3 10943.4 
41 2772.9 3472.3 
42 1143.9 1567.4 29.1 
43 4254.8 5756.1 
44 1186.0 2288.7 22.3 
45 3520.3 5365.0 16.1 
46 6215.4 6783.0 174.7 
47 5220.4 6753.5 146.9 
48 3705.8 4762.5 347.8 
49 949.8 2579.0 54.7 
50 2069.4 2239.2 88.7 
51 6340.4 7082.1 931.6 
52 6095.9 6844.6 950.9 
53 1927.8 2675.9 2475.6 
54 4934.9 5742.0 1590.6 
55 1403.1 1629.7 218.1 
56 3736.3 4133.3 268.2 
57 8668.5 9752.4 300.8 
58 2194.6 2491.9 411.5 
59 1869.4 2468.4 799.2 
60 1979.1 2200.0 49.9 
61 1365.9 1621.3 61.8 
62 1105.8 1230.8 167.9 
63 2168.6 3038.4 308.3 
64 3100.1 3491.9 89.8 
65 8007.8 8455.1 65.8 
66 3383.1 3449.6 8.8 
67 3130.7 3438.0 150.2 
68 2488.5 ' 2560.9 9.9 
69 2554.9 2990.8 127.6 
70 2373.0 2430.2 14.3 
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Table 53. (Continued) 
Producing Wild hay 
region Cropland Hayland land 
71 1845.6 1927.3 2.8 
72 1112.9 1141.1 0.1 
73 348.7 374.4 0.4 
74 466.7 1053.7 54.8 
75 673.7 803.8 17.8 
76 321.4 394.5 34.6 
77 446.5 663.9 29.9 
78 185.3 202.2 0.5 
79 30.9 51.5 0.2 
80 702.3 897.0 0.6 
81 16.5 59.8 0.1 
82 328.1 514.6 75.2 
83 1506.5 2853.8 461.1 
84 3813.7 4201.4 207.7 
85 2529.2 3165.4 176.2 
86 957.4 1485.0 139.4 
87 2568.9 2743.3 17.4 
88 644.8 830.1 5.0 
89 366.6 396.1 1.6 
90 1749.7 2068.2 67.0 
91 283.7 506.3 26.5 
92 446.7 521.7 1.9 
93 3.2 73.1 0.2 
94 0.7 182.8 1.8 
95 1009.0 1936.1 290.9 
96 96.0 208.1 
97 286.7 737.8 220.5 
98 2396.0 2643.0 11.8 
99 1784.7 2002.4 ,11.5 
100 966.6 1599.6 ' 11.8 
101 44.7 175.8 
102 771.9 1778.1 302.0 
103 1365.2 2228.1 90.3 
Source : Brokken (4). 
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Table 54. Pasture constraints, 1965 
Livestock region Pasture 
(1000 AUM) 
1 47,478.9 
2 59,169.7 
3 59,302.3 
4 45,975.5 
5 257,567.8 
6 115,661.6 
7 184,334.4 
8 124,414.9 
9 97,095.6 
10 47,477.8 
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Table 55. Distribution of producing regions among market areas 
Market Producing Brokken Market Producing Brokken 
area region producing area region producing 
regions regions 
1 1, 139 6 43 40, 41 
2 2 44 42 
3 4, 5 45 43, 44 
4 138 46 54, 58 
47 56, 57 
5 3, 140 48 59, 60 
6 6, 7 49 144, 145 
7 8, 9 
8 10 7 50 61 
9 14 51 62, 65 
10 22, 23 52 63, 64 
11 27, 28 53 66, 150, 151 
12 29, 35 54 67, 69 
13 143 55 68 
56 70 
14 11, 12, 13 57 71, 77 
15 15, 16 58 72, 73 
16 17, 142 59 75 
17 18 60 76 
18 19, 119 61 78 
19 20 62 79 
20 118, 141 63 80, 81 
64 82, 83 
21 21, 24 65 84, 85 
22 25 66 86 
23 120, 124 
24 121 8 • 67 87, 88 
25 122, 137 68 89 
26 123, 147 69 90, 91, 128 
70 92 
27. 26, 49 71 93, 96 
28 . , 30 72 94 
29 31, 32 73 95 
30 33 74 97, 127 
31 34, 37 75 98, 100 
32 36 76 99 
33 38, 39 77 125, 126 
34 45 78 130 
35 46 79 131 
36 47, 48 80 129, 132, 149 
37 50 81 133 
38 51 82 148 
39 52 
40 53 
41 55 
42 146 
Table 55. (Continued) 
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Market Producing Brokken 
area region producing 
regions 
83 74, 153 
84 101 
85 102, 104 
86 103, 105 
87 106 
88 107, 108 
89 109 
90 110 
91 111 
92 112 
93 134 
94 135 
95 152 
96 154 
97 155 
98 113 
99 114, 115 
100 116, 117 
101 136 
102 156 
103 157 
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APPENDIX D. LIVESTOCK DATA 
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Table 5b. Beef-cow activity 
unit 
: inputs , outputs , and cost per beef-cow 
Inputs Outputs 
Livestock 
region 
TON 
(cwt.) 
Protein 
(cwt.) 
Hay& 
(ton) 
Pasture 
(AUM) 
Beefk 
(cwt.) 
Feeder^ 
calves 
Cost 
($) 
1 3.529 0.544 2.31 5.32 1.364 .60 52.94 
2 2.012 0.376 1.91 5.92 1.241 .63 36.71 
3 2.094 0.539 0.37 8.62 1.027 .56 31;47 
4 2.111 0.527 0.32 8.53 1.037 .56 31.30 
5 4.598 0.630 1.43 7.20 1.373 .65 46.62 
6 4.271 0.570 2.40 4.77 1.382 .64 51.33 
7 2.101 0.293 1.77 7.25 1.389 .69 39.70 
8 1.273 0.449 .40 9.34 1.175 .63 32.32 
9 0.956 0.202 1.29 8.09 1.343 .65 35.86 
10 1.278 0.374 1.67 7.45 1.380 .65 44.19 
^Or roughage equivalent of silage. 
^Liveweight. 
''400 lbs. per calf. 
Source: Brokken (4], Eyvindson (22). 
Table 57. Milk-cow activity: inputs, outputs, and cost per milk-cow unit 
Inputs Outputs 
Livestock TDK Protein Hay® pasture Milk Calves^ Beefb Feeder^ Cost 
region (cwt.) (cwt.) (ton) (AUM) (cwt.) (cwt.) (cwt.) calves (it.) 
1 33.349 5.500 5.37 3.88 87.00 0.182 2,217 .37 195.32 
2 26.329 4.200 4.16 5.95 58.63 0.185 1.790 .38 153.40 
3 25.050 4.120 2.37 7.25 54.12 0.156 2.127 .31 135.95 
4 20.655 3.304 2.92 8.13 42.85 0.171 1.845 .35 133.23 
5 30.943 5.063 4.81 6.68 80.19 0.172 2.535 .34 206.41 
6 26.262 4.314 5.53 4.96 90.46 0.167 2.697 .34 198.38 
7 22.379 3.607 4.84 5.83 67.31 0.169 2.656 .34 213.53 
8 23.283 3.759 3.36 7.86 63.68 0.168 2.318 .34 158.71 
9 20.292 3.240 6.98 5.57 82.31 0.151 2.809 .31 197.31 
10 27.138 4.515 6.22 7.26 100.35 0.159 2.633 . 33 187.17 
^Or roughage equivalent of silage. 
'^Liveweight. 
4^00 lbs. per calf. 
Source: Brokken (4), Eyvindson (22). 
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Table 58. Hog activity: inputs and cost per hundred pounds liveweight 
of pork 
* 
Inputs 
Livestock 
region 
TON 
(cwt.) 
Protein 
(cwt.) 
Pasture 
(AUM) 
Cost 
($) 
1 4.022 .60 .0447 6.53 
2 3.969 .60 .0607 4.84 
3 3.877 .58 .0980 4.15 
4 3.700 .55 .0981 4.33 
5 3.970 .59 .0569 4.51 
6 4.017 .61 .0388 4.55 
7 3.959 .59 .0530 4.62 
8 3.977 .59 .0955 5.63 
9 3.841 .58 .0553 6.31 
10 4.065 .61 .0629 5.58 
Source: Brokken (4), Eyvindson (22). 
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Table 59. Calves-on-silage beef-feeding activity; 
cost per feeder-calf input 
inputs, output and 
Inputs Beef 
output 
(cwt.) 
Livestock 
region 
TON 
(cwt.) 
Protein 
(cwt.) 
Hay* 
(ton) 
Pasture 
(AUM) 
Cost 
($) 
1 23.11 3.27 1.18 .38 10.00 43.96 
2 23.11 3.27 1.18 .38 10.00 43.96 
3 23.11 3.27 1.18 .38 10.00 43.96 
4 23.11 3.27 1.18 .38 10.00 43.96 
5 23.11 3.27 1.18 .38 10.00 43.96 
6 23.11 3.27 1.18 .38 10.00 43.96 
7 23.11 3.27 1.18 .38 10.02 40.32 
8 21.98 2.67 1.10 10.02 38.16 
9 21.98 2.67 1.10 10.02 29.20 
10 21.98 2.67 1.10 10.02 23.31 
O^r roughage equivalent of silage. 
L^iveweight. 
Source: Brokken (4), Eyvindson (22). 
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Table bO. Extended-silage beef-feeding activity: inputs, output, and 
cost per feeder-calf input 
Inputs Beef ^ 
Livestock 
region 
TDN 
(cwt.) 
Protein 
(cwt.) 
Hay* 
(ton) 
Pasture 
(AUM) 
output 
(cwt.) 
Cost 
. ($) 
1 20.23 3.83 1.88 .38 10.74 45.46 
2 20.23 3.83 1.88 .38 10.74 45.46 
3 20.23 3.83 1.88 .38 10.74 45.46 
4 20.23 3.83 1.88 .38 10.74 45.46 
5 20.23 3.83 1.88 .38 10.74 45.46 
6 20.23 3.83 1.88 .38 10.74 45.46 
7 20.23 3.83 1.88 .38 10.12 41.70 
8 16.20 2.63 1.60 
— 
10.12 39.46 
9 16.20 2.63 1.60 — 10.12 35.32 
10 16.20 2.63 1.60 
— 
10.12 29.43 
O^r roughage equivalent of silage. 
L^iveweight. 
Source: Brokken (4), Eyvindson (22). 
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Table 61. Eastern-deferred beef-feeding activity: inputs, output, and 
cost per feeder-calf input 
Inputs Beef , 
Hai^a Do C •t'llT'O Livestock TON Protein Hay* Pasture output Cost 
region (cwt.) Ccwt.) (ton) (AUM) (cwt.) ($) 
1 13.89 2.13 1.31 4.06 10.45 50.64 
2 - — - -
— —  
3 —  -
- -
4 13.89 2.13 1.31 4.06 10.45 50.64 
5 13.89 2.13 1.31 4.06 10.45 50.64 
6 13.89 2.13 1.31 4.06 10.45 50.64 
7 13.89 2.13 1.31 4.06 10.45 45.96 
S 13.89 2.13 1.31 4.06 10.45 43.49 
9 
— - -
— 
- -
10 
— 
— —  —  
O^r roughage equivalent of silage. 
L^iveweight. 
Source: Brokken (4), Eyvindson [22). 
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Table 62. Southern-deferred beef-feeding activity: 
and cost per feeder-calf input 
inputs, output. 
Inputs Beef 
output 
(cwt.) 
Livestock 
region 
TDN 
(cwt.) 
Protein Hay^ 
(cwt.) (ton) 
Pasture 
(AUM) 
Cost 
($) 
1 
2 17.76 2.39 .73 3.73 10.15 34.03 
3 17.76 2.39 .73 3.73 10.15 34.03 
4 
5 - — 
6 . 
7 
8 
- -
9 — — 
10 — — — — 
O^r roughage equivalent of silage. 
L^iveweight. 
Source: Brokken (4), Eyvindson (22). 
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Table 63. Yearling-calf activity: 
feeder-calf input 
inputs, output. and cost per 
Inputs Yearling 
Livestock 
region 
TDN 
(cwt.) 
Protein 
(cwt.) 
Hay^ 
(ton) 
Pasture 
(AUM) 
output^ 
(head) 
Cost 
($) 
1 1.631 0.183 .91 3.66 .99 27.65 
2 1.220 0.174 .60 4.55 .99 24.46 
3 1.706 0.394 .18 5.46 .99 24.43 
4 
5 
2.058 0.455 .19 5.37 .99 22.46 
6 
7 1.314 0.118 .74 3.91 .99 20.38 
8 1.094 0.134 .22 5.68 .99 21.66 
9 1.147 . 0.164 .75 4.00 .99 20.05 
10 1.126 0.123 .57 4.40 .99 21.99 
^Or roughage equivalent of silage. 
7^00 lbs. per head. 
Source: Brokken (4), Eyvindson (22). 
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Table 64. Yearlings-on-silage beef-feeding activity: inputs, output 
and cost per yearling input 
Beef 
Livestock 
region 
TON 
(cwt.) 
Protein 
(cwt.) 
Hay* 
(ton) 
Pasture 
(AUM) 
output 
(cwt.) 
Cost 
($) 
1 19.98 2.80 .91 .64 10.96 39.93 
2 19.98 2.80 .91 .64 10.96 39.93 
3 19.98 2.80 .91 .64 10.96 39.93 
4 19.98 2.80 .91 .64 10.96 39.93 
5 19.98 2.80 .91 .64 10.96 39.93 
6 19.98 2.80 .91 .64 10.96 39.93 
7 19.98 2.80 .91 .64 10.94 36.61 
8 17.96 2.58 .97 — 10.94 34.65 
9 17.96 2.58 .97 — 10.94 21.99 
10 17.96 2.58 .97 10.94 16.75 
^Or roughage equivalent of silage. 
^Liveweight. 
Source: Brokken (4), Eyvindson (22). 
194 
Table 65. Yearlings-no-silage beef feeding activity: 
and cost per yearling input 
inputs, output. 
Inputs Beef . 
output 
(cwt.) 
Livestock 
region 
TON 
(cwt.) 
Protein 
(cwt.) 
Hay* 
(ton) 
Pasture 
(AIM) 
Cost 
($) 
9. 23.18 3.10 .44 .64 11.03 39.01 
2 23.18 3.10 .44 .64 11.03 39.01 
3 23.18 3.10 .44 .64 11.03 39.01 
4 23.18 3.10 .44 .64 11.03 39.01 
5 23.18 3.10 .44 .64 11.03 39.01 
6 23.18 3.10 .44 .64 11.03 39.01 
7 23.18 3.10 .44 .64 11.00 35.75 
8 22.62 3.02 .43 11.00 33.83 
9 22.62 3.02 .43 11.00 21.99 
10 22.62 3.02 .43 11.00 16.75 
^Or roughage equivalent of silage. 
b 
Liveweight. 
Source: Brokken (4), Eyvindson (22). 
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Table 66. Livestock production capacities in thousands of units 
Livestock Milk Beef Fed 
region cows cows cattle Hogs^ 
(head) (head) (head) (cwt.) 
1 3,788.0 246.4 183.0 5,158.7 
2 2,512.0 2,569.6 110.0 15,274.8 
3 1,249.0 2,588.3 230.0 10,155.2 
4 1,535.0 2,778.6 99.0 6,000.1 
5 5,787.0 4,364.8 5,966.0 109,819.5 
6 5,508.0 804.1 1,187.0 26,444.7 
7 2,561.0 6,281.0 3,636.0 25 ,076.3 
8 2,479.0 7,709.9 1,285.0 7,877.7 
9 1,026.0 5,418.5 2,610.0 3,605.6 
10 1,564.0 2,105.4 2,701.0 2,924.8 
^Liveweight. 
Source : Brokken (4). 
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APPENDIX E. TRANSPORTATION COSTS 
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Table 67. Transportation costs for cattle and hogs in dollars per 
hundred pounds liveweight 
Exporting Importing 
region region Cattle Hogs 
2 1 .742 1.000 
2 3 — .941 
3 1 .924 1.245 
3 2 .698 .941 
3 4 — 1.222 
3 5 .715 
4 1 1.070 
4 2 .855 
5 
5 
5 
5 
5 
5 
5 
5 
1 
2 
3 
4 
6 
8 
9 
10 
1.294 
1.097 
.768 
.469 
1.745 
1.478 
1.035 
1.002 
.632 
1.178 
1.817 
2.527 
6 
6 
6 
6 
6 
6 
6 
6 
1 
2 
3 
4 
5 
7 
8 
10 
.963 
.608 
.840 
1.886 
1.954 
1.732 
1.342 
1.304 
1.277 
2.543 
1 1.558 
2 1.413 
3 .768 
4 -- 1.218 
5 .515 
6 .558 .738 
8 -- 1.109 
9 .919 1.238 
10 1.562 2.106 
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Table 67. CContinued) 
Exporting Importing 
region region Cattle hogs 
8 1 1.735 2.339 
8 2 1.416 — — 
8 3 .864 — — 
8 4 .622 — — 
8 5 .874 — — 
8 6 .947 — — 
8 9 1.045 — — 
8 10 1.379 1.859 
9 1 1.918 
9 2 1.834 
9 3 1.518 — — 
9 4 1.337 
9 10 .901 1.215 
Source: Eyvindson (22). 
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Table 68. Transportation costs for milk and oils in dollars per 
hundredweight 
Exporting Importing 
region region 
Fluid' 
milk 
Other' 
milk Oils 
2 
2 
2 
2 
1 
3 
4 
5 
0.756 
0.702 
0.519 
0.127 
0.124 
0.190 
0.188 
0.575 
3 
3 
3 
3 
1 
2 
4 
5 
1.479 0.209 
0.124 
0.102 
0.162 
0.425 
4 
4 
4 
4 
4 
4 
4 
1 
2 
3 
6 
8 
9 
10 
1.985 
1.241 
0.554 
0.250 
0.190 
0.102 
1.275 
1.025 
0.413 
1.150 
0.450 
1.325 
1.413 
5 
5 
5 
5 
5 
5 
5 
5 
1 
2 
3 
4 
6 
8 
9 
10 
1.611 
1.611 
1.030 
0.975 
0.211 
0.211 
1.180 
1.150 
0.875 
0.825 
0.500 
0.980 
1.212 
1.388 
6 
6 
6 
6 
6 
6 
6 
6 
6 
1 
2 
3 
4 
5 
7 
8 
9 
10 
1.918 
1.594 
1.530 
1.468 
0.515 
0.620 
1.431 
1.716 
2.766 
0.244 
0.222 
0.208 
0.205 
0.093 
0.114 
0.208 
0.226 
0.312 
1.262 
1.150 
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Table 68, (Continued) 
Exporting Importing 
region region 
Fluid* 
milk 
Other' 
milk 
Oils 
1 
2 
3 
4 
8 
9 
10 
2.156 
1.187 
1.540 
1.328 
1.120 
2.166 
0.266 
0.237 
0.216 
0.172 
0.267 
1.305 
1.075 
0.875 
0.975 
1.312 
8 1 2.562 0.292 
8 2 1.860 0.240 
8 3 1.158 0.177 
8 4 0.619 0.110 
8 5 — 0.182 
8 7 — 0.158 
8 9 1.753 0.233 
8 10 2.472 0.291 
9 10 2.472 0.163 
10 9 -- 0.163 
^Source: 
^Source: 
Eyvindson (22) . 
Thompson (52) . 
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Table 69. Transportation.costs for food grains in dollars per bushel 
Exporting 
region 
Importing 
region Wheat Com Oats Barle] 
5 1 0.316 0.323 0.183 0.307 
5 2 0.290 0.294 0.165 0.274 
5 3 0.248 0.176 0.114 0.188 
5 4 0.242 0.172 0.111 0.182 
5 6 0.281 0.203 0.130 0.224 
5 10 0.501 0.349 0.600 
6 1 0.335 0.346 0.197 0.333 
6 2 0.314 0.321 0.182 0.305 
6 3 0.297 0-210 0.140 0.235 
6 4 0.292 0.207 0.137 0.229 
7 1 0.349 0.362 0.207 0.352 
7 2 0.330 0.340 0.194 0.326 
7 3 0.298 0.211 0.141 0.236 
7 4 0.403 0.287 0.186 0.305 
7 5 0.292 — — — — 
7 6 0.298 0.217 0.141 0.241 
7 9 0.360 0.267 0.184 0.306 
7 10 0.802 0.501 0.343 0.584 
8 1 0.376 0.264 0.183 0.314 
8 2 0.325 0.229 0.155 0.262 
8 3 0.262 0.186 0.121 0.200 
8 4 0.197 0.141 0.088 0.141 
8 9 0.571 0.403 0.272 0.458 
8 10 0.712 0.501 0.346 0.593 
9 1 0.428 0.248 0.430 
9 2 — — 0.409 0.236 0.408 
9 5 0.660 — — •— — — — 
9 6 0.321 — — — — — — 
9 10 0.797 0.502 0.325 0.535 
Source: Eyvindson (22). 
Î 
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Table 70. Transportation costs for feed grain and oilmeal in dollars 
per ton 
Exporting Importing Feed 
region region grain Oilmeal 
2 4 4.032 
- -
5 1 11.516 11.620 
5 2 10.470 10.420 
5 3 18.230 6.160 
5 4 6.258 5.980 
5 6 7.376 8.440 
5 8 11.492 11.180 
5 9 — — 17.820 
5 10 18.396 19.240 
6 1 12.398 12.580 
6 2 — — 11.560 
6 4 7.864 — 
7 1 12.642 13.280 
7 2 11.886 12.360 
7 3 7.882 7.660 
7 4 7.352 7.060 
7 6 8.192 9.480 
7 8 10.634 10.000 
7 9 10.188 13.720 
7 10 18.850 18.820 
8 4 4.954 
8 10 16.740 
- -
9 10 20.112 
Source: Eyvindson (22). 
i 
203 
Table 71. Transportation costs for feeder calves and yearlings in 
dollars per head 
Exporting Importing Feeder 
region region calves Yearlings 
1 5 8.52 14.38 
2 1 6.54 — — 
2 3 5.38 — — 
2 4 9.58 — — 
2 5 5.67 9.56 
2 6 — — 11.40 
2 7 6.27 
3 1 6.32 10.66 
3 2 5.38 — — 
3 4 4.14 — — 
3 5 4.94 8.34 
3 6 6.30 — — 
3 7 5.68 
4 1 6.62 
4 2 5.70 — — 
4 3 2.89 — — 
4 5 4.07 6.86 
4 6 5.37 — — 
4 7 5.18 — — 
4 8 — — 5.23 
4 10 14.62 
5 2 4.86 
5 3 4.87 — — 
5 6 2.44 — — 
5 7 2.88 - -
6 1 18.48 
6 2 — — 7.27 
6 5 2.44 4.11 
6 7 3.43 
7 1 21.73 
7 2 — — 6.57 
7 3 7.51 
7 5 2.88 8.03 
7 6 — — 5.79 
7 10 12.92 21.80 
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Table 71. (Continued) 
Exporting Importing Feeder 
region region calves Yearlings 
8 1 8.07 
8 2 7.69 
8 3 4.97 
8 4 3.10 
8 5 4.40 7.42 
8 6 5.02 
8 7 4.36 
8 9 5.94 
8 10 6.89 11.62 
9 1 11.26 
9 2 11.70 
9 3 7.94 
9 4 16.06 
9 5 9.86 16.63 
9 6 9.78 
9 7 7.61 
9 8 9.74 
9 10 7.26 _ 12.25 
Source: Eyvindson (22). 
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XI. APPENDIX F. ON COMPUTATIONS 
A. Sources of Difficulties 
Computations for this study were unusually difficult and time-
consuming. Some difficulties resulted from not solving a sample problem 
before trying to solve the full-sized problem; others resulted from 
deficiencies in the computer program. A review of the experience may be 
helpful to others who use the program. 
The large size of the programming problem is, unquestionably, one 
reason that computations were so difficult; the program has easily solved 
many small problems. Townsley's experience (53), however, indicates that 
the program has difficulties even with some small problems.^ To attribute 
some of these difficulties to deficiencies in the program is, perhaps, not 
to be too critical. 
Solving a sample problem seemed an unnecessary waste of time because 
of my experience with a related model (25); initially, none was solved. 
Consequently, some data inconsistencies, which the results of a sample 
problem would have revealed (especially if it were a subproblem of the 
original), were discovered only after an extended computer run. Ultimately, 
a sample problem was formulated to ensure that data inconsistencies had 
been eliminated. Solving the sample problem first would have saved both 
time and expense. 
^Zorilla found that some of Townsley's problems were infeasible, in 
spite of other evidence that they were feasible (see 53, pp. 166, 167). 
Tlie program also had difficulty in phase I (feasibility phase) of the 
computations for this study. In such case, one might expect relatively 
little "excess capacity" in the optimal solution but there is a large amount. 
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After data inconsistencies were eliminated, computer program diffi-
reached. Nothing, it seemed, would cause computations to continue. Then, 
Don Soults was commissioned to write a data-scaling subroutine for the 
computer program, which he had also written (48). Computations resumed 
after the subroutine was added to the program. Since it is not recorded 
elsewhere, a description of the subroutine is included here. Several 
observations on program tolerances are also included. 
culties began. Finally, in Phase II of the computations, an impasse was 
B. Scaling Subroutine 
Let 
-C -A' 
K = 
A 0 
and let 
where 
and n. is the number of nonzero elements in 
J 
of the nonzero absolute values in column j. For r. >yr. > 1, k 
column j of Ç. r^ is the mean 
V . < 1. And 
for T^<\/~FT < 1, kj > 1. 
Now define 
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and 
•^n = 
kg 0 
n+1 
kn+2 0 
The usual quadratic programming problem 
0 k 
n 
n+m 
max p'x - 1/2 x'Cx 
Ax = b 
X k 0 
can be transformed into 
max (K^p)'x* - l/2x*'(K^CK^)x* 
(KMAKN)x* = 
X* & 0 
Ç is transformed accordingly into 
Ç* = -VKn -«HA'KM 
0 
(XI. 1) 
(XI.2) 
The coefficients of K* are centered about 1 and the range of the 
coefficients is collapsed. The solution to (XI.2) can be easily trans­
formed into the solution for (XI.1): 
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X = K X* 
n 
p'x - l/2x'Cx = (Kj^p)'x* - l/2x*'CK^CK^]x* 
Thus, scaling minimizes numerical difficulties. The procedure is itera­
tive, i.e., it can be applied number of times. The subroutine is 
activated by a SCALE card, one for each scaling operation, inserted in the 
agendum stream (48, p. 17). 
There is not yet enough experience with the scaling subroutine to 
know the optimum number of scalings. The optimum may depend on the initial 
range of the coefficients — the larger the range the more scalings needed. 
The results in Table 72 suggest that if a problem is to be scaled at all, 
however, it should be scaled at least twice. Townsley (53), by scaling 
twice, solved a problem that was infeasible for both one and three scalings. 
For the 3524-row problem in this study, both two and three scalings were 
used, with more or less success. Privately, Soults has cautioned against 
excessive scaling. Because of rounding errors, too many scalings may pro­
duce a problem that is not merely a simple transformation of the original. 
Thus, the scaling subroutine does not obviate careful scaling when the data 
are coded. 
Scaling may not be advantageous at all for some problems. The 
results in Table 72, for example, indicate that scaling was not advantageous 
for the problem there. That computations for the 3524-row problem resumed, 
after scaling, from exactly where they had stopped, indicates that scaling 
was advantageous for it, however. Townsley*s experience supports this 
conclusion. There seems no way to predict if scaling will be advantageous. 
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C. Program Tolerances 
Zorilla has several tolerances that can be adjusted to suit 
particular needs (48, p. 17-19) . Standard settings are provided but 
altering them is sometimes helpful. To remove the last "artificial" 
vector from the basis of the 3524-row problem, for example, the pseudo 
objective function and feasibility tolerances were set below their 
suggested minimums. Settings for the pivot and element tolerances proved 
to be critical at other stages. 
Any pivot candidate smaller than the pivot tolerance is ignored: 
standard setting lE-04, suggested minimum setting lE-05. The "unbounded 
vector" problem, discussed in the next section, is affected by the pivot 
tolerance. 
Any computed matrix element smaller than the element tolerance is 
set to zero. The standard setting is lE-06; the suggested minimum setting 
is lE-09. If the element tolerance is too high, accuracy decreases and 
computation time may increase (compare solutions 1 and 2 in Table 72). If 
the element tolerance is too low, computation time may again increase. 
When the element tolerance was set at IE-12 for the 3524-row problem, both 
the invert time and the average time per iteration increased significantly. 
As a counter example, however, compare solutions 5 and 7 in Table 72. 
Table 72 summarizes the results from several combinations of scalings 
and tolerances (pivot and element tolerances) for a 156-row problem. With 
standard tolerances, scaling reduces the row error but changes the solution 
(compare solution 1 with solutions 3, 5, and 9). With one SCALE, lowering 
the element tolerance reduces the row error but also changes the solution 
I 
Table 72. Comparison of alternative combinations of scalings and tolerances in a 156-row problem^ 
Variables (1) C2) (3)b (4): '4 (5): (6) (7)® C8)f (9) = (10) 
Scalings 0 0 1 1 2 2 2 3 4 4 
Tolerances 
Element IE-06 lE-09 lE-06 lE-20 lE-06 lE-09 lE-12 IE-09 lE-06 IE-09 
Pivot lE-04 lE-04 IE-04 lE-07 lE-04 lE-07 IE-07 IE-04 IE-04 lE-04 
Iterations 132 132 110 112 130 126 122 140 108 112 
Phase I 66 66 60 60 70 70 70 60 62 62 
Phase II 66 66 50 52 60 56 52 80 46 50 
Max. row error® .12E-04 .27E-14 
00 0
 1 
tu 
,62E-15 .70E-08 . llE-08 .32E-15 . 12E-08 . lOE-07 , 76E-09 
Time, sec.^ : 
CPU 10.4 10.7 1 11.7 11.8 1 13.7 14.8 1 15.6 
Real 204.7 61.6 1 79.3 88.9 X 78.7 81.1 1 68.1 
^Iftiless otherwise noted, all solutions are alike except for variations in variable values. 
^Variable 10016 replaces 10017, and 10033 replaces 10027. 
^Variable 10033 replaces 10027. 
^Element tolerance = IE-30 gives the same results. 
^Element tolerance = lE-15 gives the same results. 
f 
Pivot tolerance = lE-07 gives the same results. 
®The decimal portion is rounded to 2 places. 
^These times are not strictly comparable because, in some cases, other work is included. 
^Could not be estimated because computations were part of a larger job. 
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(compare solutions 1 and 4). Admittedly, these changes are of little 
consequence — variable 10016, for example, is food wheat in region 15 
and 10017 is feed wheat in region 15 — but they are changes nonetheless. 
Lowering the element tolerance to at least IE-09 and scaling two, three, 
or four times reduces the row error and does not alter the solution (see 
solutions 6, 7, 8, and 10) . 
Further tests are needed, but results to date support these tentative 
conclusions : 
1. Scaling is not advantageous for the 156-row problem. The row 
error in solution 2 (no scaling, elt. toi. = lE-09) is nearly 
as low as that in solution 7 (2 SCALES, elt. toi. = lE-12) and 
less time was required despite a few more iterations. Unfor­
tunately, there seems to be no way to predict when scaling will 
be advantageous. 
2. If a problem is scaled at all, it should be scaled at least 
twice. Scaling only once altered the solution, even when the 
element tolerance was low. As noted, this alteration may be of 
little consequence. Townsley's experience (53) recommends two 
scalings. 
3. Within limits, lowering the element tolerance decreases the 
row error. There was no gain in accuracy for an element 
tolerance less than lE-12, however (compare solutions 4 and 7). 
For the 3524-row problem, an element tolerance less than lE-06 
tended to increase computation time substantially; for lE-12, 
a basis inversion required roughly 35 minutes conqpared with 
20 to 25 minutes otherwise. Privately, again, Soults has 
212 
cautioned against using too low an element tolerance. 
According to the evidence in Table 72, an element tolerance 
as low as lE-30 can be used without difficulties (but without 
obvious improvement either). 
For small problems, a low element tolerance (about lE-09) 
will improve accuracy and decrease the likelihood of errors 
such as those described in the next section. Increases in 
computation cost, if any, were insignificant. For large 
problems, cost saving may justify a higher element tolerance 
(but no higher than lE-06) . Lower accuracy and higher fre­
quency of errors can be expected, however. 
D. Common Difficulties 
These difficulties occurred several times, either in this study or 
elsewhere. Remedies, if any have been found, are given. 
1. Unbounded vector 
When Zorilla cannot find, in a vector entering the basis, a pivot 
candidate at least as large as the pivot tolerance, it concludes that the 
vector is unbounded and stops. If the problem is, in fact, unbounded, the 
problem has no finite solution and computations cannot continue. It may 
be, however, that a significant pivot was not found because the element 
tolerance was too high, or that it was ignored because the pivot tolerance 
was too high. If so, lowering these tolerances will bypass this difficulty. 
Forcing the problem to invert at a different place, or changing the number 
of SCALES to change the iteration sequence may also bypass it. 
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2. Rejected vector 
' ,-l During a basis inversion, if the determinant of the inverse, 
. - 1  B 
B 
most is rejected is nearly zero, a vector whose exclusion increases 
from the basis. If iteration continues, negative PB components may appear 
and may remain in the "optimal" solution. Consequently, the program now 
stops when a vector is rejected. 
Sometimes, simply lowering the element tolerance bypasses this 
difficulty. Sometimes, changing the order of iteration (by altering the 
pivot tolerance or changing the number of SCALES) bypasses it. As a last 
resort, the iterative process can be reversed for. a short time and the 
program restarted so that it inverts a different basis. (For small problems, 
changing the inversion frequency accomplishes the same thing.) The 
program stop mentioned in section A, which occurred before the scaling 
subroutine was available, was due to a rejected vector. Scaling and a 
lower element tolerance were required to bypass it. 
3. Negative PB components 
After each basis inversion, Zorilla computes x° = B ^b, where B is 
the matrix of basis vectors. It then confutes b = Ax° and takes the 
difference, b-b. If b^ - b. < 0 for some i, the message "Negative PB 
component in row i" is printed out. For bu - b^ < 0, the solution x° is 
actually infeasible, i.e., A^x° > bj^. Iteration continues but, vlery often, 
either a rejected vector or an "unbounded" vector occurs later. At the 
time he wrote the scaling subroutine, Soults altered the program to deal 
with this problem more effectively. Experience to date, however, indicates 
that the program still cannot handle it satisfactorily. 
214 
Remedies for this problem are the same as for rejected vectors. 
Since the program does not stop for this difficulty, the iterative process 
must be reversed at least to the basis for which the negative PB components 
occurred. 
E. Computation Time 
These are estimates of "Real" time and the number of iterations, 
both measured consecutively, required to solve the 3524-row problem: 
Real time Iterations 
Phase. I 4 hrs. 1800 
Phase II 60 hrs. 7300 
Total 64 hrs. 9100 
Consecutive time (iterations) is the time [iterations) required to solve 
the problem, start to finish, without intermediate stops. Actual "Real" 
time (iterations) was somewhat greater than consecutive "Real" time 
(iterations), partly because the problem was not solved without inter­
mediate stops, and partly because some "backtracking" was necessary to 
bypass difficulties like those described in the preceding section. 
In its present form, Zorilla will supposedly solve problems for which 
m+n 5 3550, where m is the number of rows in A and n is the number of 
primal variables. For the 156-row problem, m+n = 156. For the subproblem 
mentioned in section A, m+n = 604; solving it required roughly 22 minutes 
of "Real" time. A related problem (25), with m+n = 2672, required only 
three hours of "Real" time. 
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There is no obvious reason why the 3524-row problem (m+n = 3524) 
required so much time. If complex interrelationships in the model are 
responsible, why was there no clue of that in the 604-row subproblem? If 
sheer size is responsible, why was there no trouble with the 2672-row 
problem? Are some of the shortcuts described in Chapter III, especially 
in section F, somehow responsible? Whatever the cause(s), the time required 
(and, consequently, the cost) was much greater than expected. There is no 
reason to think that another similar model of similar size would not require 
a similar amount of time. 
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